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Abstract

Last-mile delivery is under growing pressure from traffic gridlock, rising fuel costs, and strict carbon
reduction targets. While cargo drones promise a fast, automated workaround to road congestion, their
real -world success depends heavily on public trust and physical neighbourhood feasibility. This study
examines how urban and semi -urban Indian consumers view residential drone delivery, focusing on
everyday practical concerns alongside perceived benefits. Using survey data gathered from a cross -
section of residents, the study evaluates consumer willingness to adopt drone logistics across key
operational touchpoints: landing safety, physical drop-off constraints in high-rise buildings, privacy and
noise anxieties, weather reliability, and extra delivery fees. The data shows strong demand for sub -30-
minute turnarounds, particularly for medicines and grocery essentials. However, practical concerns
remain high regarding direct -to-balcony drop -offs, mid-air colli sions, and visual privacy in dense
residential layouts. The findings indicate that instead of aiming for direct doorstep drops, logistics
companies must prioritize centralized neighbourhood landing stations and secure lockboxes to achieve
commercial scale. These takeaways offer a grounded roadmap for logistics operators, real estate
developers, and policymakers working to make autonomous aerial delivery a viable reality.

Keywords: Last-Mile Logistics, Drone Delivery, Consumer Adoption, Urban Air Mobility, Drop-Off
Infrastructure Operational Viability

Introduction

The rapid expansion of e -commerce, quick-commerce, and on -demand delivery services has placed
immense pressure on urban supply chains. Last-mile logistics—the final leg of a parcel's journey from a
local distribution hub to the customer's doorstep—remains the most inefficient, expensive, and carbon-
intensive segment of the entire supply chain. Conventional road —based delivery models face mounting
challenges, including severe urban traffic congestion, rising fuel prices, unpredictable transit delays, and
esc alating operational overheads. In dense residential areas, these frictions not only erode delivery
margins for logistics providers but also contribute to air and noise pollution.

To tackle these systemic bottlenecks, logistics operators and technology providers are turning toward
Unmanned Aerial Vehicles (UA Vs), commonly known as delivery drones. By bypassing ground
congestion entirely and operating along direct point -to-point aeri al routes, drone delivery systems offer
substantial advantages: drastic reductions in transit times (often under 20-30 minutes), lower per-trip
energy footprints, and automated last-mile dispatch capabilities.While the technical capabilities of
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commercial delivery drones —such as automated flight control, obstacle avoidance, and payload

tethering —have matured significantly, real —world commercial viability involves far more than

autonomous hardware. Operating delivery drones directly into residential neighborhoods introduces
complex practical constraints:

e Physical and Architectural Constraints: High-rise apartment complexes, overhead power lines,
narrow residential streets, and lack of dedicated landing zones make pinpoint doorstep delivery
difficult.

e Public Safety and Operational Risks: The risks of mid -air hardware malfunctions, falling packages,
adverse weather interference (such as heavy rainfall or high winds), and collisions raise immediate
safety concerns among residents.

e Societal and Privacy Anxieties: Drones equipped with navigational cameras and sensors spark
visual privacy issues in closely spaced residential layouts, alongside complaints regarding low-
frequency rotor noise pollution.

e Economic Willingness to Pay: The financial viability of aerial delivery relies heavily on whether
end-consumers are willing to absorb premium delivery surcharges for rapid transit times.

Background

Over the past decade, consumer expectations around delivery speed have shifted dramatically. Where
three -to-five-day shipping was once the standard, the explosion of on -demand e - commerce and quick-
commerce platforms has made same-day and sub-hour delivery windows an everyday expectation.
Meeting these rapid timelines using conventional delivery vans and motorbikes, however, has become
increasingly difficult in expanding urban centers. Severe traffic gridlock, rising fuel expenditures, and
complex neighborhood layouts routinely inflate operating costs and lead to unpredictable delays. In
response, logistics operators and technology firms have invested heavily in cargo drones to bypass
congested roads and reimagine the final leg of parcel transport.

Unmanned aerial vehicles initially transitioned from military and industrial inspection roles into
commercial freight testing during the mid -2010s. Early trials focused almost entirely on high-urgency,
specialized use cases like rushing blood units, vaccin es, and emergency medicines to remote or hilly
regions where roads were impassable. They were also tested in low-density suburban areas with open
lawns and clear flight paths. As autonomous flight control, obstacle-avoidance sensors, and battery
performanc e improved, logistics companies began shifting their attention toward residential urban and
semi -urban neighborhoods, aiming o transport small, lightweight parcels under five kilograms directly
from local fulfillment hubs within minutes.

Despite the obvious appeal of receiving a parcel within twenty minutes, bringing autonomous flight
fleets into everyday residential spaces creates immediate friction with local architectural and spatial
realities. Unlike open suburban subdivisions, modern cities are dominated by high- density, multi-story
apartment complexes, clustered housing, narrow alleyways, and tangled overhead utility cables.
Delivering packages in these settings requires complex drop —off mechanics—such as landing directly
on small bal conies, lowering parcels with motorized winches, or dropping them into shared ground -
level lockers—each presenting unique trade - offs in precision, mechanical reliability, and physical
safety. On top of that, civil aviation authorities enforce strict rules around flying beyond visual line of
sight and navigating low - altitude airspace over crowded neighborhoods.
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Literature Review

e Murray and Chu (2015) examined truck-and-drone delivery optimization and found that
collaborative aerial routing drastically cuts transit times and fuel burn. However, payload and battery
constraints make drones best suited for high-frequency, lightweight parcels rather than bulky cargo.

e Kellermann, Biehle, and Fischer (2020) evaluated public attitudes toward urban drone transport,
reporting that social acceptance is the main bottleneck to commercial scaling. Irritation from rotor
noise, camera privacy fears, and landing hazards were the top concerns among urban residents.

o Stolaroff et al. (2018) assessed life-cycle greenhouse gas emissions and showed that small delivery
drones are far more energy -efficient than diesel vans for urgent, lightweight drops, though this
carbon benefit shrinks as package weights increase.

e Clothier et al. (2015) explored public risk perceptions around autonomous flight, showing that fear
of mechanical failure and property damage fuels community pushback, proving that transparent
safety protocols are vital for public trust.

e Y00, Yu, and Choudhury (2018) applied the Technology Acceptance Model and found that while
delivery speed drives consumer interest, worries over theft, mid -air drops, and privacy invasion
significantly lower adoption intent.

e Bamburry (2015) analyzed urban drop -off logistics and concluded that direct -to- balcony delivery
is impractical in high -density areas, recommending centralized neighborhood micro-hubs and secure
rooftop pads instead.

e Aladdadian et al. (2019) investigated residential perceptions of commercial drones, noting that
while consumers value delivery speed, widespread adoption requires clear safety certifications to
ease acoustic and spatial concerns.

e Eskandaripour and Boroojeni (2020) modeled urban airspace safety and found that dynamic obstacle
avoidance, utility-line geofencing, and real-time weather monitoring are essential to prevent mid-air
collisions and parcel drops.

e Goodchild and Toy (2018) compared delivery trucks and drones, showing that drones excel in
carbon and time savings for single, urgent drops, whereas ground delivery remains more cost-
effective for dense multi-stop routes.

e Hwang, Kim, and Kim (2019) analyzed consumer willingness to pay for drone food delivery, noting
that younger buyers gladly pay extra for speed, while older demographics remain hesitant over
package safety and temperature control.

e Mathew, Roh, and Praveen (2021) explored emergency medical drone transit and found high public
trust and strong adoption willingness for life -saving items, calling healthcare the leading entry point
for commercial drone acceptance.

e Reiche et al. (2018) assessed urban air infrastructure and concluded that municipal zoning codes
must proactively designate secure rooftop landing pads and battery - swapping micro-hubs before
commercial fleets can scale.

e Rao, Gopi, and Maione (2016) evaluated the socio-economic impacts of commercial UA Vs,
emphasizing that unclear civil liability laws regarding mid-air damage and air- rights trespassing
hinder institutional adoption.
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e Tamke, Buscher, and Boysen (2021) modeled automated locker networks for drones, showing that
routing deliveries directly to shared smart lockers eliminates failed drop- offs and offers the most
practical residential setup.

e Wang, Hu, and Hu (2019) investigated privacy concerns regarding camera —equipped delivery
drones, concluding that hardware privacy shutters and strict no —recording policies are essential to
reduce resident resistance in dense housing.

Research Objective, Gap and Problem Statement

The primary aim of this research is to evaluate consumer readiness and the operational feasibility of
residential drone delivery services within dense urban and semi —urban neighborhoods. To achieve this,
the study first examines public perception and trust by identifying baseline consumer attitudes, perceived
practical benefits, and the primary hesitation factors that influence everyday comfort with autonomous
aerial logistics. Building upon consumer trust, the investigation evaluates the physical feasibility of
various drop —off infrastructure configurations, contrasting customer preferences across direct balcony
drops, dedicated rooftop landing zones, and shared ground-level smart locker stations. In addition to
physical spatial constraints, the study assesses specific operational and safetyrisks to measure how acute
concerns —such as mechanical failures, mid -air package loss, adverse weather disruptions, camera
surveillance, and low -frequency rotor noise—affect consumer adoption intent. Finally, the research
analyzes economic viability and product - market fit by evaluating consumer willingness to pay
premium delivery surcharges for ultra - fast, sub -30-minute turnarounds, while identifying which parcel
categories, ranging from emergency pharmaceuticals to everyday groceries and high-value electronics,
offer the greatest potential for commercial deployment.

» To Assess Public Perception and Trust: Examine consumer attitudes, perceived benefits, and core
hesitation factors regarding autonomous aerial drone deliveries in residential living spaces.

* To Evaluate Infrastructure and Landing Feasibility: Investigate consumer preferences and the physical
viability of various parcel drop -off configurations, including direct balcony drop-offs, rooftop landing
pads, and shared community locker stations.

* To Determine Operational and Safety Concerns: Quantify the impact of specific risk factors—such as
mid-air hardware failure, bad weather disruptions, visual surveillance, and acoustic noise—on consumer
willingness to adopt drone logistics.

* To Measure Economic Viability and Product Suitability: Evaluate consumer willingness to pay
premium delivery surcharges for sub-30-minute transit and identify the product categories (e.g.,
emergency medicine, groceries, electronics) with the highest adoption potential.

The overarching objective of this research is to evaluate consumer readiness, structural feasibility, and
commercial viability for integrating autonomous aerial delivery drones into urban and semi -urban
residential ecosystems. To build a comprehensive unde rstanding, the study first focuses on assessing
public perception and foundational trust. This involves examining baseline consumer attitudes toward
unmanned aerial logistics, identifying the operational benefits that generate the highest enthusiasm—
such as rapid delivery turnarounds and zero road congestion —and pinpointing the psychological
hesitation factors that lead to consumer skepticism in everyday living spaces.Expanding beyond general
sentiment, the research investigates the practical and spatial feasibility of drop-off infrastructure within
dense residential environments. Because standard single -family yards are uncommon in rapidly
expanding metropolitan areas, this obj ective explores consumer preferences and physical constraints
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across diverse delivery mechanisms. It directly evaluates the perceived safety and practicality of direct-
to-balcony drops, designated multi-story rooftop landing pads, and shared community-level automated
smart lockers, identifying which physical model provides the most reliable balance between user
convenience and operational safety.In parallel, the study seeks to quantify the specific operational,
safety, and privacy risks that govern consumer hesitation. This entails measuring how public anxiety is
influenced by potential hardware failures, mid - air collisions, dropped parcels , and weather -related
disruptions such as strong monsoonal winds and heavy rain. It also analyzes non-physical disturbances,
specifically evaluating community sensitivity toward low -frequency rotor acoustic noise and visual
surveillance concerns arising from on-board obstacle-detection cameras flying in close proximity to
private residential windows.

Research Gap

While existing literature thoroughly covers mathematical routing algorithms, hardware aerodynamics,
and high-level consumer surveys in Western and East Asian suburban contexts, there is limited
empirical research examining residential consumer perception w ithin high - density, multi-story urban
and semi-urban developing markets like India. Most global studies assume single -family homes with
open private backyards or driveways. Consequently, a distinct research gap exists regarding how
consumers living in mult i-story apartment omplexes perceive landing feasibility, acoustic intrusion,
privacy risks, and delivery surcharges under local infrastructure constraints. This study directly
addresses that gap. Most global studies assume single -family homes with open private backyards or
driveways. Consequently, a distinct research gap exists regarding how consumers living in multi -story
apartment complexes perceive landing feasibility, acoustic intrusion, privac y risks, and delivery
surcharges under local infrastructure constraints. This study directly addresses that gap.

Furthermore, current studies offer limited empirical evidence evaluating consumer preferences across
specific drop-off infrastructure models—such as direct balcony drops versus centralized community
smart lockers —under real -world residential architectural constraints. Most available literature treats
consumer acceptance as a generalized metric rather than examining how risk tolerance varies across
distinct product categories like emergency pharmaceuticals versus daily groceries. This study addresses
these g aps by providing localized, empirical insights into consumer sentiment, spatial feasibility, and
commercial willingness to pay in high-density residential ecosystems.

Problem Statement

Last-mile logistics in expanding metropolitan and semi -urban regions faces severe systemicchallenges,
including chronic traffic gridlock, high fuel expenditures, and escalating delivery overheads. While
autonomous delivery drones provide an agile aerial a lternative to bypass congested surface roads, their
commercial deployment directly into residential neighborhoods encounters substantial practical barriers.
Dense multi -story apartment layouts, tangled overhead utility cables, and a lack of dedicated landing
zones make pinpoint doorstep delivery physically hazardous.

Furthermore, widespread consumer adoption is constrained by acute public anxieties regarding mid-air
collisions, dropped cargo, rotor noise pollution, and visual privacy intrusions from on- board navigation
cameras. Without a clear understanding of public r isk perception, physical drop-off feasibility, and
consumer willingness to pay premium delivery fees, logistics operators risk deploying capital -intensive
aerial networks that face regulatory friction and broad consumer resistance.
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Scope, significance and limitation of study
The scope of this research is specifically bounded by geographic, demographic, and operational
parameters designed to evaluate consumer readiness for residential drone logistics.
Geographically, the study focuses on urban and semi -urban residential clusters characterized by mixed
housing topologies—ranging from dense, multi-story gated apartment complexes to independent
residential layouts. Demographically, the target sample comprises active e - commerce and quick-
commerce consumers across diverse age cohorts and income brackets, as these individuals represent the
immediate addressable market for automated on —demand delivery services.
Operationally, the investigation restricts its focus to small-payload commercial delivery drones
(typically carrying packages under 5 kg) operating within low -altitude suburban and urban airspace for
last -mile transit. The analysis covers critical customer -facing touchpoints, including perceived drop -
off convenience, physical safety expectations, visual and acoustic disturbance thresholds, product -
specific willingness to adopt, and price elasticity regarding delivery surcharges. High -level industrial
freigh t transport, long -haul intercity cargo operations, and military UA V applications fall outside the
designated boundaries of this study.

e Geographic Focus: Centers on urban and semi -urban residential environments, focusing on areas
with mixed structural layouts such as high-rise apartment complexes, gated societies, and densely
packed independent housing.

e Target Population: Covers active e-commerce and quick-commerce consumers across various age
groups, education levels, and household income brackets who regularly use app-based on-demand
delivery services.

e Vehicle & Operational Type: Restricted to small, battery-powered commercial multi-rotor delivery
drones carrying lightweight parcels (under 5 kg) operating within low - altitude, last-mile urban
corridors (a 5 to 15 km radius from local fulfillment hubs).

e Delivery Touchpoints & Landing Infrastructure: Evaluates consumer feasibility preferences across
three specific parcel handoff configurations: direct balcony/terrace drops, shared rooftop landing
pads, and ground-level automated smart lockers.

e Core Dimensions Assessed: Measures public trust, perceived safety, physical drop-off convenience,
privacy sensitivity regarding navigation cameras, noise tolerance thresholds, and willingness to pay
extra delivery fees.

1. Product Category Boundaries: Focuses specifically on high -potential last —mile consumer
freight:

2. Emergency pharmaceuticals and medical first-aid items

3. Perishable foods, prepared meals, and daily quick-commerce groceries

4. Small retail goods, documents, and fragile electronics

e Exclusions: Explicitly excludes heavy industrial air freight, intercity cargo logistics, agricultural
spraying, military or defense applications, and remote rural humanitarian transport.

Significance

This study offers actionable contributions across multiple practical and academic domains. For logistics
providers and quick -commerce platforms, it delivers empirical data on consumer price elasticity and
product-specific demand, helping operators determine which goods—such as urgent medical supplies
versus daily groceries—justify capital investment in aerial fleets and sustainable delivery surcharges.
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For urban planners, architects, and real estate developers, the findings highlight the spatial realities o f
dense residential layouts, providing clear design recommendations for incorporating dedicated rooftop
landing zones, battery-swapping micro-hubs, and shared smart locker banks into modern housing
projects. At the regulatory level, the research equips civil aviation authorities and municipal
policymakers with quantitative evidence on key public friction points, including camera rivacy anxieties,
low -altitude airspace safety, and rotor noise disruption, suppo rting the creation of balanced and socially

accepted urban drone policies. Finally, for the broader academic community, this work bridges a

significant literature gap by moving beyond the typical focus on suburban, single-family Western

testbeds to provide an empirical baseline for autonomous delivery adoption within high-density, multi-
story developing markets.

Optimizing Supply Chain Strategy & Unit Economics:

o Provides logistics providers, e -commerce platforms, and quick -commerce operators with granular
data on customer adoption thresholds and price sensitivity.

o Helps businesses identify high -margin product categories —such as emergency pharmaceuticals,
sensitive documents, and time -critical essentials —that justify the capital expenditure of
autonomous aerial fleets over traditional two -wheeler courier networks.

o Outlines dynamic delivery surcharge models that consumers consider fair for sub -30- minute
turnarounds, helping prevent unprofitable operational rollouts.

Informing Urban Architecture & Spatial Infrastructure Design:

o Delivers actionable design criteria for architects, civil engineers, and residential township developers
to integrate drone -friendly reception infrastructure into high - density housing.

o Compares the viability of decentralized landing hubs, such as automated ground —level smart locker
banks, versus rooftop micro-pads and direct-to-balcony drop points.

o Guides residential welfare associations (RWAs) and facility managers in creating safe drop zones
equipped with automated safety perimeter protocols to handle daily package handoffs securely.

Guiding Public Policy, Zoning, and Aviation Governance:

o Equips civil aviation bodies (such as the DGCA and Ministry of Civil Aviation) and local municipal
corporations with field data on public risk perception.

o Helps regulators establish low-altitude Unmanned Aircraft System Traffic Management (UTM)
corridors, clear acoustic noise ceilings, and mandatory digital geofences around schools, hospitals,
and high-voltage transmission lines.

o Directs privacy policy formulation, establishing the necessity for hardware-level optical blurring,
automatic data purging, and no -recording zones for camera —equipped navigation systems operating
near private residential windows.

Enhancing Emergency Preparedness & Healthcare Logistics:

o Demonstrates public readiness and logistical parameters for life -saving medical distribution,
including vaccines, antivenoms, defibrillators, and blood units.

o Provides disaster management agencies and public health authorities with an empirical baseline on
how rapid aerial transit can bypass blocked surface roads during extreme weather, flooding, or
gridlock emergencies.

Bridging the Academic Empirical Gap in Developing Economies:

o Expands academic literature beyond traditional Western and East Asian testbeds — which
predominantly assume low-density suburban homes with large private lawns —
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e to examine high-density, multi-story developing urban centers.

o Serves as an empirical foundation for future research combining Technology Acceptance Models
(TAM), Perceived Risk Theory, and urban freight transport dynamics in emerging economies.

Limitations of the study

While this study offers a grounded evaluation of consumer acceptance and spatial feasibility, several

inherent limitations must be acknowledged:

* Hypothetical Bias and Lack of Direct Exposure: Because widespread residential drone delivery is still

in trial and pilot phases in many regions, survey responses reflect consumers' perceived expectations and

anticipated concerns rather than attitudes

formed through repeated, real-world service interactions.

» Geographic and Architectural Specificity: Findings derived from dense urban and semi-urban

residential environments may not translate directly to sparse rural settlements or low-density suburban

markets where spatial layouts, tree cover, and air traffic density differ substantially.

 Exclusion of Real-Time Aerodynamic Variables: While the study assesses consumer perceptions of

weather -related risks, it does not mathematically model real —time meteorological dynamics (such as

sudden localized wind shear, monsoon downpours, or thermal turbulence) that directly govern flight

stability.

» Dynamic Regulatory Evolution: Commercial drone policies, low -altitude airspace management

(UTM) protocols, and local zoning laws are subject to frequent regulatory updates, which may alter the

operational feasibility and cost structures analyzed in this research.

Limitations of the study

While this study offers a grounded evaluation of consumer acceptance and spatial feasibility, several

inherent limitations must be acknowledged:

o Hypothetical Bias and Lack of Direct Exposure: Because widespread residential drone delivery is
still in trial and pilot phases in many regions, survey responses reflect consumers' perceived
expectations and anticipated concerns rather than attitudes formed through repeated, real-world
service interactions.

o Geographic and Architectural Specificity: Findings derived from dense urban and semi-urban
residential environments may not translate directly to sparse rural settlements or low-density
suburban markets where spatial layouts, tree cover, and air traffic density differ substantially.

o Exclusion of Real-Time Aerodynamic Variables: While the study assesses consumer perceptions of
weather -related risks, it does not mathematically model real —time meteorological dynamics (such as
sudden localized wind shear, monsoon downpours, or thermal turbulence) that directly govern flight
stability.

o Dynamic Regulatory Evolution: Commercial drone policies, low -altitude airspace management
(UTM) protocols, and local zoning laws are subject to frequent regulatory updates, which may alter
the operational feasibility and cost structures analyzed in this research.

While this study offers comprehensive empirical and operational insights, several methodological and

structural limitations must be recognized. A primary constraint stems from hypothetical bias and the lack

of direct experiential exposure among the respondent group. Because fully autonomous residential
drone deliveries are still in pilot or early testing phases across most metropolitan regions, survey
participants evaluated the technology based on projected expectations, media depictions, and anticipated

IJFMR260588031 Volume 8, Issue 5, September-October 2026 8



http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

concerns rather than attitudes forged through habitual, real-world service interactions. Consequently,
consumer sentiment and reported willingness to pay may shift once commercial operationsbecome
routine and service reliability or delivery errors are experienced firsthand. Another significant limitation
relates to geographic and architectural generalizability . The empirical data gathered reflects high-
density urban and clustered semi-urban housing

typologies—such as multi -story apartment towers, gated societies, and densely packed residential lanes.
As a result, the findings cannot be directly extrapolated to low —density suburban markets, rural farming
settlements, or geographically isolated regions where spatial availability, obstacle density, and local
logistical infrastructure differ substantially. Additionally, the research focuses on consumer perception,
spatial suitability, and economic viability rather than real-time aerodynamic and physical engineering
variables. While public anxiety regarding adverse weather is thoroughly measured, the study does not
physically simulate or model localized microclimate phenomena —such as sudden high -rise wind
tunnels, extreme thermal updrafts, or heavy monsoonal rain intensities—which directly impact flight
mechanics, battery consumption rates, and real -time obstacle avoidance.

Finally, the study operates within a rapidly evolving regulatory and technological landscape. Low-
altitude airspace management (UTM) policies, digital no -fly geofencing guidelines, civil liability laws,
and municipal zoning frameworks for commercial drone operations are currently subject to frequent
legislative updates. As aviation authorities and municipal bodies revise air rights and safety
certifications, some operational constraints and cost models evaluated in this research may undergo
substantial adjustments over time.

Analysis and Interpretation

The primary data was collected from 203 respondents using a structured questionnaire designed to
evaluate public perception, spatial readiness, operational concerns, and economic viability of residential
drone delivery. The analysis includes sample demogra phics, central tendency metrics (Mean and
Standard Deviation), frequency distributions, and cross-tabulation. The demographic distribution
captures a representative cross-section of active e-commerce and quick-commerce users across age,
gender, and residential typology.

Demographic

Variable

Category Frequency

(N)

Percentage

(%)

Gender Male 121 59.6%

Female 82 40.4%

Age Group 18-25 years old 81 39.9%

2640 years old 86 42.4%

41-60 years old 36 17.7%

Primary

Residence Type

Independent / Rented

House
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96 47.3%

Apartment / Flat

Complex

76 37.4%

Other (Gated

Community /

Dormitory)

3115.3%

Total Sample

203 100.0%

» Gender Distribution: The sample shows strong participation from both male (59.6%) and female
(40.4%) respondents, providing a balanced perspective on residential delivery adoption.

» Age Composition: Over 82% of respondents belong to the core working and digitally active age
brackets (18 —40 years), representing the primary demographic driving on - demand delivery services.
» Housing Typology: Nearly 53% of participants reside in multi -unit housing (apartments, gated
communities, or dormitories), highlighting the practical relevance of evaluating drop-off spatial
constraints.

All perception and feasibility variables were measured on a 5-point Likert scale

(1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree).

Variable / Survey

Statement

Mean Standard

Deviation

Disagree

(1-2)

Neutral

@)

Agree

(4-5)

Drop-Off Space

Accessibility

2.531.17 50.7% 30.0% 19.2%

Noise Disturbance Concern 2.87 0.99 38.4% 36.5% 25.1%

Use for Urgent /

Lightweight Items

3.17 1.01 27.1% 35.0% 37.9%

Weight & Size Limit

Resistance

3.150.93 23.2% 41.9% 35.0%

Trust Delivering Fragile

Items

3.230.91 17.2% 44.3% 38.4%

Attractiveness of 30-Min
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Delivery

3.310.91 17.7% 41.9% 40.4%

Safety in Adverse Weather 3.28 0.96 19.2% 40.9% 39.9%

Suburban Battery Range

Concerns

3.310.88 16.7% 43.3% 39.9%

Visual Privacy Concerns

(Cameras/Sensors)

3.341.05 20.2% 34.0% 45.8%

Demand for Strict Airspace

Regulations

3.321.00 17.2% 41.9% 40.9%

Confidence in Collision

Avoidance Systems

3.450.97 16.7% 33.0% 50.2%

Willingness to Pay Extra

Delivery Fee

3.37 0.95 16.3% 39.9% 43.8%

5-Year Commercial

Replacement Viability

3.430.97 13.8% 37.9% 48.3%

The Spatial Bottleneck: Drop-Off Infrastructure

* Low Physical Readiness ( Mean = 2.53): Over 50.7% of respondents disagree that their residence
possesses a safe, open, and dedicated drop-off zone. This represents the lowest mean score across the
entire survey.

* Housing Disparity: Cross-tabulation indicates that respondents living in multi —unit apartments ( Mean
= 2.49) and dormitories/gated setups ( Mean = 2.10) report significantly lower landing feasibility than
those in independent houses (Mean = 2.70).

This underscores that direct doorstep or balcony deliveries are spatially unfeasible for the majority of
urban residents, necessitating centralized rooftop or ground locker infrastructure.

2. Public Trust and Safety Perceptions

* High Confidence in Collision Avoidance ( Mean = 3.45): A notable 50.2% of respondents express trust
in autonomous obstacle-detection and collision-avoidance systems, while only 16.7% disagree.

» Weather and Fragility Neutrality: Trust regarding safe delivery in adverse weather (Mean = 3.28) and
safe handling of fragile goods (Mean = 3.23) shows high neutrality (40.9% and 44.3% respectively),
indicating that while users are open to the concept, their confidence remains conditional on
demonstrated real-world performance.

3. Privacy and Acoustic Disturbances

* Visual Privacy Emerges as a Major Hesitation ( Mean = 3.34): Almost 46% of respondents express
concern over on-board cameras and optical sensors flying near private property. This highlights that
privacy intrusion is a stronger social barrier than physical noise pollution (Mean = 2.87, where 38.4%
disagreed that noise would be a major disturbance).

* Regulatory Governance ( Mean = 3.32): Over 40.9% state that strict civil aviation
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standards and municipal safety policies must be enforced prior to widespread
commercial rollout.

4. Commercial Viability and Speed Preference

* Willingness to Pay Surcharges ( Mean = 3.37): Nearly 44% of consumers are
willing to pay an additional fee for rapid aerial delivery, with only 16.3% showing
outright resistance.

* Positive 5 -Year Outlook ( Mean = 3.43): Approximately 48.3% agree that
autonomous delivery drones represent a realistic, viable replacement for conventional
road delivery vans within the next five years, indicating strong underlying market
demand provided infrastructure and regulatory safeguards are met.

Data Analysis

Hypothesis Set 1: Drop-Off Spot Feasibility

Hypotheses Formulation

* Null Hypothesis (H01): ul = u2 (There is no significant difference in perceived drop -
off spot availability between house and apartment residents).

* Alternative Hypothesis ( Hal): ul > u2 (House residents report significantly higher
drop-off spot availability than apartment residents — Right-tailed test).

» Significance Level (a): 0.05

2. Sample Statistics from Dataset

* Group 1 (Independent / Rented House):

o Sample Size (nl) = 96

0 Sample Mean (X1) = 2.6979

0 Sample Standard Deviation (s1) = 1.2492

o Variance (s1

2) = 1.5604

* Group 2 (Apartment / Flat Complex):

0 Sample Size (n2) =76

0 Sample Mean (X2) = 2.4868

0 Sample Standard Deviation (s2) = 1.0262

0 Variance (s2

2) =1.0532
Pooled Variance:
Sp
2=(nl-1)s1
2+(n2—1)s2

2

nl+n2 -2
Standard Error:
SE = sp1

nl

+1

n2
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t-Statistic:

t=X1-X2

SE

Step-by-Step Calculation:

1. Degrees of Freedom:

df =96+76-2 =170

2. Pooled Variance:

Sp

2=

(95)(1.5604)+(75)(1.0532)

170 =1.3366 = sp = 1.1561

3. Standard Error:

SE=1.1561V 1

96+ 1

76 =0.1775

t-Value:

t=2.6979-2.4868

0.1775=1.1891

Decision (a = 0.05, One-tailed):

0 tcrit = 1.6539, p-value = 0.1180

Result: tcalc < terit (p > 0.05) — Fail to Reject HO1

* Result: No significant difference (p = 0.118, Fail to Reject HO1).

* Takeaway: Both house and apartment residents struggle equally with finding clear
landing space. Private yards and driveways are not enough, so companies must build
shared drop points like rooftop pads or smart lockers.

Hypothesis Set 2: Residential Noise Concerns

1. Hypotheses Formulation

* Null Hypothesis (H02): ul = u2 (There is no significant difference in noise disturbance
concern scores between house and apartment residents).

* Alternative Hypothesis ( Ha2): ul # pu2 (There is a significant difference in noise
disturbance concern scores — Two-tailed test).

» Significance Level (@): 0.05

2. Sample Statistics from Dataset

* Group 1 (Independent / Rented House):

o Sample Size (n1) = 96

0 Sample Mean (X1) = 2.9271

0 Sample Standard Deviation (s1) = 1.0686

0 Variance (s1

2) =1.1420

* Group 2 (Apartment / Flat Complex):

0 Sample Size (n2) =76

0 Sample Mean (X2) = 2.9342

0 Sample Standard Deviation (s2) = 0.8380
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0 Variance (s2
2) =0.7023
Standard Error:
SEwelch =s1
2

nl

+ 52

2

n2

Adjusted df:
df'=

(s1

2

nl

+ 52

2

n2

)

2

(s1

2/n1)2

nl —1 +(s2
2/n2)2

n2 —1

t-Statistic:

t=X1-X2

SEwelch

Step-by-Step Calculation:
1. Standard Error:
SEwelch =~1.1420

96 +0.7023

76 =0.02114 = 0.1454

2. Welch Degrees of Freedom:

df'=

(0.02114)2
(0.01190)2

95 +(0.00924)2

75

=169.99

3. t-Value:
t=2.9271-2.9342
0.1454 =-0.0490

[JFMR260588031

Volume 8, Issue 5, September-October 2026

14


http://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Decision (a = 0.05, Two-tailed):

0 tcrit =£1.9740, p-value = 0.9610

0 Result: |tcalc| < terit (p > 0.05) — Fail to Reject HO2

* Result: No significant difference (p = 0.961, Fail to Reject H02).

* Takeaway: Both groups have the exact same moderate concern about drone noise.
Noise is a general public issue across all neighborhoods, not just dense apartment areas.

Conclusion

Hypothesis 1: Drop-Off Spot Feasibility (Question V1)

» Statistical Decision: Fail to Reject HO1 (t = 1.1891,df = 170,p = 0.1180 > 0.05).

There is no statistically significant difference in perceived landing spot availability between residents of
independent houses (X = 2.70) and apartment complexes (X = 2.49). Both groups report low-to-moderate
feasibility scores, demonstrating that ground -level urban constraints (overhead wires, parked vehicles,
and narrow lanes) restrict individual houses nearly as much as apartment towers. Consequently,
commercial operations cannot rely on private doorsteps or driveways and must focus on shared
infrastructure like rooftop pads or neighborhood smart lockers.

Hypothesis 2: Residential Noise Concerns (Question R2)

» Statistical Decision: Fail to Reject HO2 (t = —0.0490,df = 169.99,p = 0.9610 > 0.05).

Housing typology has no significant impact on noise disturbance concerns , with house residents ( X =
2.93) and apartment dwellers ( X = 2.93) expressing virtually identical sentiment. Acoustic sensitivity
toward low-flying drones is a uniform, baseline concern across all neighborhood layouts rather than an
issue isolated to high -density apartment blocks. Fleet operators must prioritize low -noise rotor designs
and higher transit altitudes to gain broad community acceptance.

This study provides a comprehensive empirical evaluation of consumer readiness, spatial feasibility,
operational apprehensions, and commercial viability regarding residential drone deliveries in urban and
semi -urban environments. The primary empirical find ing identifies physical drop-off feasibility as the
single largest operational bottleneck to commercial scaling, with over half of the surveyed participants
indicating a lack of safe, unobstructed landing areas. Statistical hypothesis testing confirms that this
spatial constraint does not differ significantly between independent house residents and apartment
dwellers, proving that ground-level urban obstructions such as tight lanes, parked vehicles, and overhead
utility cables restrict private doorsteps nea rly as severely as high -density vertical towers. Consequently,
commercial delivery strategies centered on direct -to-doorstep or balcony drops are largely impractical,
demonstrating that viable market expansion depends fundamentally on shared infrastructure models,
including automated neighborhood smart locker banks and centralized rooftop landing pads. From an
operational and societal perspective, the data reflects robust consumer confidece in core autonomous
flight navigation, with widespread trust in automated collision -avidance systems and a uniform,
moderate tolerance toward rotor acoustic noise ac ross all housing configurations. However, visual
privacy emerges as the predominant non -technical friction point, driven by heightened consumer
sensitivity toward navigation cameras and optical sensors operating in close proximity to private living
quarters. Addressing this barrier requires the swift implementation of transparent data -handling
protocols, physical camera privacy shutters, and strict low -altitude municipal civil aviation frameworks.
Despite these hurdles, latent consumer demand remains strong , evidenced by a high willingness to pay
premium delivery surcharges for rapid sub -30-minute fulfillment and widespread optimism regarding
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drones replacing conventional courier vans within the next five years, particularly for time - critical,
lightweight cargo such as emergency pharmaceuticals and on -demand essentials. Ultimately,
transitioning res idential drone freight from experimental testbeds to daily commercial execution
requires a synchronized effort focusing on decentralized community infrastructure, proactive privacy
protection, and clear regulatory governance.
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