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ABSTRACT

Introduction Unmanned aerial vehicles, or drones,

have emerged as versatile tools across various sectors,
including defence, agriculture, surveillance, mining,
infrastructure, emergency response, transportation,
geospatial mapping and notably medical supply delivery
to challenging terrains. This study aims to investigate the
feasibility of using drones for delivering essential medical
supplies in Keylong, Himachal Pradesh, situated amidst
the Middle Himalayan Range, where heavy snowfall during
peak winter restricts access to remote regions, posing
logistical hurdles for healthcare provision.

Methods This cross-sectional used a mixed-method
approach alongside assessing the drone-based medical
delivery. Insights from healthcare workers were
documented on sociodemographic characteristics, local
healthcare facilities and challenges encountered during
drone operations.

Results A total of 15 sorties were conducted, efficiently
transporting 1000 units of medicines and 20 clinical
samples. Throughout the drone operation, various
technological and health-related challenges were
encountered due to the high altitude and the cold weather
conditions. Additionally, it has been observed that drones
could play a pivotal role in supplementing traditional
medical supplies. Particularly, the transportation of the
medical supplies in emergency situations and delivery of
diagnostic samples from peripheral villages.

Conclusion The study observed that drones present

a viable solution for enhancing healthcare accessibility

in hard-to-reach regions, particularly for expeditiously
delivering diagnostic samples and essential medications
during emergencies. The findings underscore the potential
of drones to complement existing healthcare systems,
providing an efficient means to address logistical
challenges in remote areas.

INTRODUCTION

In recent years, the utilisation of unmanned
aerial vehicles (UAVs), commonly known as
drones, has significantly expanded, lever-
aging technological advancements to navi-
gate challenging terrains and complement
existing conventional logistics systems. These
drones have found diverse applications in
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= At Keylong, located at an altitude of >10000ft, the
delivery of the medical supplies is impacted by win-
ter road blockage and heavy snowfall. The popula-
tion in the study area is sparsely distributed which
further impacts the healthcare delivery in the region.

WHAT THIS STUDY ADDS

= This is one of the initial studies conducted at high
altitude and sub-zero temperature to see the feasi-
bility of drones-based delivery, their utility and per-
ception of healthcare workers (HCWSs).

= This study tries to identify the operational challenges
and opportunities in drone-based deliveries at high
altitude. The key findings are as follows:

= The drone-based delivery can be more useful in
picking up the clinical sample from peripheral
healthcare delivery centre, also largely cut down the
transportation time.

= The lithium polymer batteries are a better alternative
for drone operations at high altitudes.

= At high altitude preheating, insulating and slow
charging the batteries increases endurance.

= Deliveries by drones need basic training of HCWs.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study identifies that drones can be useful in
delivering diagnostic samples, emergency and pe-
ripheral medical supplies in tough terrains. The
drone-based delivery might complement the con-
ventional method of medical supplies. Incorporation
of need-based deliveries of medicines and sample
transportation may strengthen the healthcare deliv-

ery at the difficult terrains.

surveillance, defence, agriculture, mining,
infrastructure, emergency response, trans-
portation, geospatial mapping and human-
itarian aid delivery.'” Notably, drones are
being increasingly adapted for the transpor-
tation of medical samples and supplies glob-
ally.®” Their role in delivering crucial medical
resources such as vaccines, medications,
blood and diagnostic kits has become pivotal,
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aiding in strengthening national healthcare systems and
bridging the gap between hospitals and laboratories,
especially benefiting remote communities by improving
outcomes and reducing waiting times.”

Many countries have conducted studies on the use of
drones as logistical support tools for delivering medical
supplies. For instance, Ghana initiated one of the world’s
largest vaccine drone delivery programmes in 2019, facili-
tating the distribution of routine and emergency vaccines
as well as healthcare products.'’ Similarly, in Vanuatu, a
Pacific Island nation, the Ministry of Health, in collabora-
tion with UNICEF, conducted drone trials aimed at deliv-
ering vaccines to the islands. The successful first phase
trials involved accurately landing payloads within 2 m of
the target after a 50 km flight over multiple islands and
waypoints."" Additionally, various American and Euro-
pean countries have reported the efficacy of drones in
delivering medicines."?

In India, the Indian Council of Medical Research
(ICMR) conducted a pioneering feasibility study that
effectively deployed drones to deliver medical supplies
to remote and challenging terrains.”” Despite signifi-
cant infrastructural advancements in the country, deliv-
ering medical supplies to hard-to-reach locations in
emergency situations remains an enduring challenge."*
One such region, Keylong located in Lahaul and Spiti
District, bordering Tibet, features a unique geography
characterised by high altitude (~10000ft), harsh weather
conditions and widely dispersed settlements within a
small population. Although the district has witnessed
substantial improvements in infrastructure such as roads,
electrical supply and internet connectivity, several chal-
lenges persist, including the poor infrastructure develop-
ment, intermittent internet access and limited healthcare
services. Winter exacerbates these issues, isolating the
valley from the outside world for up to 6 months annu-
ally due to heavy snowfall and the closure of the Rohtang
Pass, situated at an elevation of ~13000ft above mean
sea level (ASL). This study was undertaken to assess the
feasibility of drone-based delivery of medical supplies to
the challenging terrain of Keylong, Himachal Pradesh.
It aims to uncover the obstacles and constraints faced
by healthcare providers in ensuring adequate medical
supplies and assesses the potential of drones as a logistical
support solution in the region. The research also delves
into the technical challenges associated with establishing
connections between various healthcare delivery centres
using drone-based medical supply systems, particularly
considering the operationalisation of drones in deliv-
ering medical supplies amidst high altitudes and harsh
cold weather conditions.

METHODOLOGY

Study setting

Keylong was identified as the site for conducting a feasi-
bility study of drone operations due to its extreme climatic
conditions, including high altitude and cold weather.

Keylong is a town and the administrative centre of the
Lahaul and Spiti district in the Indian state of Himachal
Pradesh, India. Located at an elevation of 3080 m (10100
feet) ASL, the temperature varies from -30°C to 25°C
throughout the year. Lahaul and Spiti district, with a total
population of about 32 000, predominantly comprises
tribal communities which contribute to 81% of the total
population of this district. This district is the third least
populated district in India, with a population density of
~2 inhabitants per square km."” The region faces distinct
isolation during winters due to heavy snowfall and a
considerable drop in temperature, further exacerbating
the challenges faced by its inhabitants. In Keylong, a total
of 10 healthcare delivery centres are operational, encom-
passing 26 health subcentres in Lahaul, 8 primary health-
care centres (PHCs), 1 community health centre (CHC)
and a regional hospital.'®

In the context of India’s healthcare system, subcentres
(SCs) serve as the first point of contact for healthcare,
offering basic health services through trained paramed-
ical staff. The next level of care is provided by PHCs,
which are staffed by a medical officer and paramedical
personnel, offering outpatient services, along with basic
preventive and curative care. Further up the system,
CHGs are larger facilities with medical specialists and
function as referral units for PHCs. At the highest level
are district hospitals (DHs), which offer comprehensive
services, including emergency care, surgeries, obstetric
services and specialist consultations. Many DHs are desig-
nated as First Referral Units, providing 24/7 services.

Study design

This cross-sectional study used a mixed-method approach
including qualitative and quantitative approaches for the
data collection. To enhance the reporting of the study’s
findings, we followed the Strengthening the Reporting
of Observational Studies in Epidemiology guidelines
(online supplemental appendix 1). The in-depth inter-
views (IDIs) were conducted to find out the perspective
of the healthcare providers in the region on utility of the
drones in delivering healthcare facilities. Apart from this,
the operation challenges and feasibility of drones at high
altitudes were recorded. The recruitment involved purpo-
sive sampling, for improving the precision, comprehen-
siveness and credibility of reporting methods and results
of the present study, we adopted the consolidated criteria
for reporting qualitative research (COREQ) checklist
(online supplemental appendix 2).

Study participants
The study was led by the ICMR Headquarters, Delhi with
the help of ICMR-Keylong station attached to the ICMR-
Regional Medical Research Centre (RMRC) in Gora-
khpur, chief medical officer and the district administra-
tion (district commissioner, police department).

IDIs were conducted on 18 individuals including 8
implementation partners from the ICMR and 3 drone
pilots. Apart from that, the key service providers—chief
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medical officer, two staff nurses, two medical officers,
one forest officer and a police officer (SHO)—were also
interviewed using open-ended questions (online supple-
mental appendix 3). All the participants provided their
consent for the participation in the study and no one
dropped out from the study.

Data collection and measures

Qualitative data collection

The study employed IDIs as the primary method of data
collection. All interviews were conducted on-site using a
face-to-face approach, with the research team members
present at the interview location. The in-person setting
facilitated rapport-building and enhanced the depth and
richness of the data collected. Interviews took place in
private, quiet locations to ensure the comfort and confi-
dentiality of participants, minimising potential distrac-
tions. Two moderators, R1 and R2, guided the discus-
sion. Both moderators introduced themselves to the
participants by sharing their credentials and positions
within the study. R1 (first author; public health expert
and sientist) managed and led the entire process. Mean-
while, R2 and R3 (first author, research scientist) focused
on collecting participants’ thoughts and insights. The
moderators brought a wealth of expertise in facilitating
discussions to gather qualitative data. Only the modera-
tors and the participants were present during the discus-
sions, ensuring a focused and uninterrupted exchange of
information. They explained the study’s purpose, their
voluntary participation and their right to withdraw at any
time. Written informed consent was obtained to uphold
ethical standards and respect participants’ autonomy,
The interview responses were audio recorded and noted,
in some cases, participants declined audio recording,
so field notes were taken to record their responses.
Each interview lasted approximately 25-40min and was
completed in the expected time duration and there was
no requirement for the repetition of the interview.

As the study was conducted with limited number
of participants at remote location, two type of biases
including selection and language bias were identi-
fied. Selection bias occurred because participants were
included only from the sites where drone operations
were conducted. To minimise this bias, we used purpo-
sive sampling from the selected participants to ensure the
sample accurately represented the broader population

we aimed to describe. While few study participants were
not able to communicate in fluent language as they speak
the regional language. To overcome this issue, one local
implementation team member native to the area was
present throughout the discussion with the healthcare
worker (HCWs).

Quantitative data collection

For quantitative data collection, various variables
including climatic and drone-related parameters such
as propeller speed, battery endurance, payload capacity,
distance covered, time taken, temperature were recorded.
The specifics of these recorded parameters are detailed
in table 1. Information regarding the participants’ age
and gender was collected during the interview, along
with data on drone operation-related variables.

Data analysis

For the qualitative analysis, thematic analysis was
conducted manually. This process involved carefully
reviewing the data and identifying key themes and
patterns, which were then coded and organised to provide
a structured interpretation of the qualitative observa-
tions. Similarly, for the quantitative analysis, a statistical
method was used to calculate descriptive statistics such
as percentages. Additionally, we created diagrams and
charts to visually represent the data, making it easier to
interpret and compare the quantitative findings.

Preparatory phase for the drone operation

A thorough consultation meeting was convened with all
stakeholders, including the implementation team and
local administration such as the police department and
health department. The purpose of this meeting was to
discuss the project’s objectives, scope and coordinate
drone operations at designated study sites. To choose
these sites, we visited health centres to assess their suita-
bility for the project. Additionally, HCWs were trained in
drone usage for medical purposes.

Drone procurement and specifications

An expression of interest outlining the required speci-
fications for drone services was issued to identify a suit-
able commercial UAV. Following a competitive bidding
process, TSAW drones emerged as the selected operator
for this study. The drone selected to operate in this study

Table 1 Various parameters recorded in drone sortie

SN Parameter Details recorded

Platform/forms

1 Medicine supplies
samples number

2 Climatic condition
3 Drone technical parameters

4 Distance covered
5 Sociodemographic conditions

Medications type and numbers, diagnostic

Temperature, wind speed, snowfall, sunlight

Battery endurance, propeller speed, payload
weight, drone speed and altitude achieved

Aerial and terrestrial route
Interview and discussion

Checklist, paper/computer based

Indian meteorological website

Digitally (Mission Planner, Drone
company-developed app)

In house developed Mission planner
Questionnaire based
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was a hybridfixed wing vertical take-off and landing
(VI'OL) drone that falls within a small category as per
drone rule India.'” The drone’s body was made from
Styrofoam, and weighing ~7kg without payload, it offered
a maximum payload capacity of 1 kg. The drone provided
a cruising speed of 21 m/s. Its design prioritised conven-
ience, featuring tool-less quick disassembly for effortless
maintenance and rapid deployment. For tracking the
path of the drone, the ground control system was estab-
lished at the Keylong DH. The drone pilot used indige-
nously developed software for flight control.

Coordination with local administration

The study site was located within the green zone, as clas-
sified by the Government of India’s drone regulations
in 2021."7 Consequently, no additional approval was
required for drone operation in this zone, and the local
administration bodies were informed about the study.
The drone’s route and operational plan were shared in
advance. The drones were authorised to operate up to an
altitude of 400 feet Above Ground Level in Beyond the
Visual Line of Sight conditions

RESULTS

Characteristics of the participants

The participants of this study were grouped largely on the
basis of their role in this study. Consequently, two groups
were made with one group having the implementation
members from ICMR and the drone pilots. The other
group was made up of local HCWs and the administrative

personnel. The data were collected during the drone
operation between the month of October and November
2023. The interview was conducted to collect data from
16 participants. Out of all the participants, 81% were
male and 19% were female, ranging in age from 25 to
55 years.

Drone-based delivery to the health centres

Dry run from the DH to SC

The operational capabilities of the drone were assessed
through the trial run from the Keylong Command
Centre to the Kachrang SC, covering a distance of 4km.
The drone reached its destination within 5min, which
typically takes 20-30 min through terrestrial routes. The
data gathered from this mission, which included detailed
assessments of the battery endurance and other perti-
nent metrics, to prepare for its subsequent operational
deployment were analysed (figure 1).

DH to PHC and return sortie

The first mission undertaken at the behest of a medical
officer from Tholang PHC, involved the transportation
of a payload weighing ~500 g, containing essential medi-
cines, from the Keylong Regional Hospital (Command
Centre) to Tholang PHC (table 2). The terrestrial
distance between these locations spans approximately
18 km, typically requiring 45-60 min for travel during the
summer. However, in peak winter, the travel time extends
up to 2hours. Remarkably, the UAV reduced the delivery
time to 9-10min, covering a total aerial distance of

Valley to Mountain

Regional Hospital, Keylong (Command Centre)

Time taken by road: 40-60
Minutes
Drone time: 9-10 Minutes

Mountain to Mountain >11000ft :

>

&
<

Time taken by road: 40-60 Minutes
Drone time: 8-10 Minutes

Kachrang,
Subcentre

~11000ft
[ =4
S
8
: |~
A | Time taken by road: e
| 20-30 Minutes | o
© Drone time: 5-6 g
> Minutes 13
e i
@ Tholang, PHC
S
Mountain to
\ 4 Mountain >11000ft Minutes

Shansha, CHC

Time taken by road: 60-70

Drone time: 9-10 Minutes

" Robia s

Figure 1 Different geographical landscapes connected in the drone operation (b) Terrain of Keylong, the locations shown
in red tags are health centres connected during the operation to deliver medical items, A. Kachrang Subcentre, B. Keylong
Regional Hospital, C, Tholang PHC, D. Shansha CHC, E Jhalma PHC and Image in satellite showing the location of Keylong on

geographical map of India. PHC, primary healthcare centre.
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Table 2 Healthcare centres connected, time taken to deliver medical supply using drone, terrestrial route and medicines

delivered through drone

Time taken
through terrestrial Peak altitude
Route/road route (mins)/ Time taken by attained by drone/ Medical supply
distance (km) payload weight (g) drone (mins) temperature delivered (units)  Return sorties
Keylong Regional 40-60 (~5009) 9 11000ft/-10°C » Amoxicillin 160 » Diagnostic
Hospital to Tholang » Antihistamine 80 reports
PHC/18km » IFA 60 » 8 sputum
» Betadine samples for TB
(100mL) 1 diagnosis
» Coughsyrup1 » 12 blood samples
for CBC.
Shansha CHC to 40-60/ ~18049) 8 11000ft/-5°C » IFA 120 » Diagnostic
Tholang PHC/10km » Antihistamine reports
160
» Amoxicillin 160
Tholang PHC to 50-70/ ~2009) 9 10000ft/-6°C » IFA 120 » Diagnostic
Jhalma PHC/16 km » Antihistamine reports
160
Keylong Regional 20-30 ) 10000ft/-8°C Dry run Dry run

Hospital Kachrang
Subcentre/5km

IFA, iron-folic acid; PHC, primary healthcare centre; TB, tuberculosis.

18km. The drone operated at an altitude of ~11000 feet
and enduring temperatures as low as —10°C, the drone
efficiently completed the return flight, successfully trans-
porting clinical samples (sputum and blood) back to the
Regional Hospital for testing (table 2).

CHC to PHC and PHC to PHC
In the subsequent missions, drones were used to transport
>500 units of medicines from Shansha CHC to Tholang
PHC and >280 units from Tholang PHC to Jhalma PHC
(figure 1). In summer, the conventional travel times from
Shansha CHC to Tholang PHC take 45-60min, while
from Tholang PHC to Jhalma PHC spans 60-70 min.
However, leveraging drone-based delivery reduced the
travel duration, accomplishing the task in 8-10min at
both locations (depicted in table 2). In winter, the snow-
fall and road blockage further extend the travel time.
The drone service partner was hired on a contractual
basis, with the operating expense (OpEx) of each drone
sortie ranging US$1.5 to 1.8/km (140-150 INR/km).
In comparison, the cost of conventional transportation
for the same route varies depending on the vehicle type,
ranging from US$0.6 to US$1.2/km (50-100 INR/km) if
a vehicle is hired or using public transport. Although the
primary objective of the study is clear, cost-effectiveness
depends on various factors, including manpower costs,
OpEXx, resource utilisation, time and speed of delivery.

Challenges during drone operationalisation
The operationalisation of the drone encountered
several challenges, the observations were based on the

perspective of the implementation team that consist of
the experts and drone pilots (figure 2).

Technological challenges in drone operation

The harsh climatic conditions including high altitudes
along with low temperatures and high wind speeds
showed adverse impact on drone operations, there were
several issues reported by the drone team which are as
follows:

Selection of propellers

During drone operations, the study team faced high wind
speeds at elevated altitudes, leading to multiple aborted
missions. To address this, the team optimised propeller
selection for stability, particularly in winds exceeding
25 m/s. Systematic testing two propeller sets tailored
for high-altitude, low-temperature conditions led to
the replacement of the initial 15-inch high pitch PVC
propeller with an 18-inch propeller at 4600 rpm. This
provided better lift and stability but increased battery
consumption. Despite these challenges, the 18-inch high
pitch propeller demonstrated superior performance and
was chosen for the final flight trial, effectively addressing
the challenging conditions.

On the first day we used PVC propellers (15inch PVC,
3600 rpm), and the drone was not able to stabilize due to
the low temperature, high wind, and low air density prob-
lems, so we used carbon fiber propellers at higher rotation
(18-inch-High pitch, 4600 rpm) (Drone-pilot 2).
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In case of
emergency

supply of
medicines

Road closure in
extreme
weather

conditions

Utility of the

Complimenting drone

routine medical
delivery

Supporting
ASHA & ANM
at peripheral

villages in
Picking

Diagnostic
samples

Challenges

3

* Road Blockage in heavy snowfall
Challenges by Health  ° Unmetalled road,
* Low incentives to carry samples
workers faced * Unavailability of the vehicle in winter

* Nausea, Vomiting, UV exposure,
Mountain Sickness, Sleep
Deprivation, Shortness of Breath

Health Related
Challenges

* Low Temperature, High Altitude,
Limited Working Season, Expensive
Transportation, Snowfall, Wind Speed,
Clouds

Weather and Terrain

Related Challenges

Reduced battery endurance

| Technological * Limited Network Availability
* Low GPS accuracy and less number of
Challenges satellites

* Choice of propellers

Figure 2 Challenges related to the drone operation at high altitude and various use case scenario identified for drone-based
delivery at high altitude. ASHA, Accredited Social Health Activist; GPS, Global Positioning System.

Selection of battery

During the optimisation phase, initial attempts with Li-ion
batteries fell short in providing the necessary endurance
for drone operations in challenging weather conditions
also the discharge rate was limited and ranged between
2 and 4C. As an alternative, 22 000 mAh lithium polymer
(LiPo) batteries were used. However, the extremely cold
weather conditions resulted in limited utilisation of only
2000mAh, that is, ~10% of the total battery capacity. At
this capacity, the batteries only provided a cruise time of
6min and a VTOL time of 7 min.

To enhance flight time preheating, insulating and slow
charging the batteries before operation was done. This
step resulted in an improved flight time of 14-18min,
enabling the batteries to consume up to 4000 mAh,
~20% of the total capacity. The drone pilot explained the
effect of cold weather conditions on the endurance of
the batteries.

............. Lithium Ion had very low discharge rate (2C to
5C) as compared to Lithium Polymer (8C to 10C) which
has a higher discharge rate (At high altitude). Therefore,
lithium polymer batteries were used at the site (Drone-
Pilot 1).

Network connectivity

The drone sorties used two types of connectivity, one was
the cellular network (terrestrial) provided by network
providers and the Global Positioning System (GPS)
network (satellite). The cellular connectivity, facilitated
by only two telecom operators, exhibited better perfor-
mance in hilly areas but struggled in valleys. However,
for precision and accuracy, the drone relied on GPS
connectivity. The drone’s flight control involved two
methods manual remote control, which was controlled
by the drone pilot, and autopilot functionality that neces-
sitated Keyhole Markup Language (KML) files. These

KML files furnished essential data to the drone, encom-
passing geographical annotation and visualisation within
both two-dimensional maps and three-dimensional Earth
browsers. The drone pilot explained:

Most of the drone flight was tracked. But the major differ-
ence between the plains and the high-altitude area was that
in the plains the connectivity was better at ground level and
poor when the flight was raised to higher altitude, but in
hilly regions, the connectivity was poor at valley (not city
area) and better at high altitude. (Drone Pilot-1)

The satellite availability ranged from 10 to 14, which
resulted in low GPS accuracy due to high horizontal dilu-
tion of precision. In normal settings, the satellite availa-
bility is 14, which ensures better accuracy for the drone.

Calibration of the drones

The drone calibration was challenging at the location;
high altitude, electromagnetic effects and the presence
of metal structures at the site caused significant distur-
bances. The drone flight relied heavily on the compass
sensor, which helped the drone fly and keep it stable in
the air by itself.

The problems occurred in the compass calibration in
drones because, as per flight experience compass is given
direction (North, West, South, and East) that was usually
disturbed might be due to the mountains and metals avail-
ability at high altitude. (Drone Pilot-1).

Health-related challenges of the implementation team

Amidst the hard-to-work terrains of Keylong and its
nearby areas, the study team encountered significant
health hurdles primarily attributed to the high altitudes
and chilling weather. Notably, prevalent symptoms such
as shortness of breath and ultraviolet (UV) exposure
persisted throughout our operations. Out of nine drone
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team members, all experienced shortness of breath (9/9,
100%) even after walking for short distances (online
supplemental figure 1). Similarly, all the team members
reported sunburns (9/9, 100%), while one member
reported eye irritation due to long exposure to direct
sunlight. The sleep disturbance was also reported (6/9,
67%), which is characterised by increased awakenings
at night during sleep, frequent brief arousals, nocturnal
hypoxaemia and periodic breathing. Two team members
(2/9, 22%) even reported high altitude sickness and
showed symptoms like palpitations, vomiting and nausea.
The food-related challenges in the area also escalate the
health issues as the supply chain is not well developed
due to which the food items availability is limited and
the fresh food items are to be imported from outside the
district.

Perspective of the HCWs on the utility of the drones

Facilities and the current scenario at the health centres

Tholang PHC is located at ~10000ft ASL, PHC covers
a population of 1661 individuals. The patient load in
Tholang PHC is nominal with most of the patients visiting
OPD suffering from chronic diseases including hyperten-
sion and diabetes, the population in the area is highly
dependent on red meat, and they also consume alcohol,
especially in the winter. In a conversation at another
CHC, the medical officer explained

The Community Health Center (CHC) serves a population
of 1500 individuals; although the number of tuberculosis
(TB) cases is relatively low, but considering the health cen-
tre’s coverage of the total population, the incidence rate
becomes significant (CHC-MOZ2, Shansha).

Apart from the infectious diseases, snakebite and
dog bite cases are few but not rare, the patients visit
the PHC, and the health centres are equipped with a
stock of antidotes (ASV) and rabies vaccine. The HCWs
further explained that they have sufficient stock of medi-
cines even during winter season, a staff nurse (PHC-N1,
Jhalma) from Jhalma PHC said:

We usually have a stock of medicines for 6 months, and
all the medicines and injectables are available in the phar-
macy. We replenish the stock in the summer season, stock
maintenance is not an issue here............... Although
snakebite cases are rare but if we get patients of snakebite,
the antidote is available in the PHC. (PHC-N1, Jhalma)

Challenges in providing healthcare facilities
The HCWs in the Keylong face several logistical chal-
lenges owing to the geography of the region (figure 2).
During the field visit, it was noted through the discus-
sion with the health workers that the accessibility to the
remote locations is a challenge due to unmetalled roads
to the peripheral villages, the harsh winter seasons and
high altitude add more obstacles to medical delivery.

In the discussion with the nursing staff from Jhalma
PHC, she explained that the nearby villages of Jhalma
PHC are connected to the health centre through the

kutcha (unmetalled) road, but due to the poor condi-
tions of the road the health workers need to walk for
2-3hours during the peak winter season, and the Valley
is snow covered: she further explained that due to the
winter season there is low frequency of the vehicles and
sometimes insufficient incentives for transporting of the
samples:

.... We have to walk for like 2-3 hrs on snow-covered roads
to the nearby villages as the vehicles are not able to reach
the location ...................... Asha workers have to travel
on incentive, that is not sufficient sometimes due to road
blockage and infrequent vehicles (Public Convenience) in
winter season (PHC, N1, Jhalma).

A senior government official from Keylong further
highlighted the poor infrastructural development at the
peripheral villages which causes healthcare delivery chal-
lenges during peak winter season. Similarly, the medical
officer from Tholang PHC further explained the accessi-
bility issues in the region.

.. if there is snowfall the rods get closed although the
concerned department is active in functioning the main
road. The villages are distant and PHCs are not accessible
because of high altitude and other factors predominantly
present in the area (DFO, Keylong).

Lahaul and Spiti is very far from the rest of the state and it
also experiences very harsh winter and during winter time
it experiences snowfall. Road connectivity has improved
since the functioning of Atal Tunnel, but in winters due to
very heavy snowfall the peripheral road connectivity is cut
off (PHC-MO1, Tholang)

Logistical support from the drone

While discussing the utility of the drones in delivering
medical supplies, the nurse from Jhalma PHC explained the
prevalence of tuberculosis (ITB) infection in Keylong, she
further explains that the drones can be used for the transpor-
tation of the diagnostic samples from the peripheral villages.

It will be easy for us to collect the samples from the villages
which are at the periphery as TB infection is prevalent and
for collecting and transporting even a single sample (PHC,
N1, Jhalma).

The utility of drones in delivering medicine supplies
was further discussed and the medical officer in charge of
Keylong Regional Hospital highlighted the geographical
challenges of the region. He also added that the drones
can be used for the delivery of the essential medicines.

...... as it is a very tough region to reach out and most
of the villages are very far from the regional center. The
drone will help in delivering essential medicines and deliv-
ery to the patient’s village or nearby PHC, it will be of great
help. (CMO, Keylong).

The medical centres usually have all the basic medi-
cines, but due to road closures in winter or any emer-
gency the supply of the other medicines in need can
be delivered by drone. Further one government official
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highlighted the use of drone in delivering medicines and
samples.

The drone can help us in delivering emergency medicine
which is not on the list of essential medicine supplied by
the government. (PHC, MO-1, Tholang)

.......... if drones can transport medicine as well as get
samples from PHC and villages it will be a great help for
this area. (DFO, Keylong)

Concerns about safety, privacy and security

The study site is located nearby to the border area and
has many military, police and defence establishments.
However, due to the location of the site, the adminis-
trative bodies were intimated before the drone opera-
tion and amid certain security concerns such as aerial
photography or videography of these establishments,
persisted. To overcome these issues, two steps were taken
into consideration. The drone route was selected in
such a way that it did not fly over any military or defence
establishment and the camera was not installed over the
drone. The station in charge of Keylong police station
advocated the need for coordination between the health
department and the police department for such drone
operations.

............ there must be coordination between the health
department and the police so we have all the information
of the program. (SHO, Keylong)

DISCUSSION
In the present study, the feasibility of the transportation
of the medical supplies to the peripheral healthcare
centres in Keylong, and the challenges in drone oper-
ations related to the high altitudes, low temperatures,
high wind speeds and the absence of adequate infra-
structure were observed. Previously, various studies have
shown the utility of the drones in delivering the medical
supplies’ " '® Earlier research conducted by Aggarwal et
al identified several technological and weatherrelated
challenges that exacerbate flight operations."

In the drone operations, the study team employed
a Styrofoam-bodied hybrid fixed-wing VITOL drone,
which conferred several advantages over alternative
drones. Its lightweight design made it easy to transport,
and it provided enhanced manoeuvrability crucial for
navigating valleys at high altitudes. Earlier research by
Paredes et al highlighted the advantages of fixed-wing
drones in high-altitude environments.'’ Although due to
its lighter weight, it was not able to lift heavy payloads.

Factors such as wind turbulence and low air pressure
also contribute to decreased drone endurance, resulting
in shorter flights these findings align closely with observa-
tions made in the present study. The selection of propel-
lers significantly influences the vertical lifting capacity of
drones. In the current study, carbon fibre propellers were
employed, a choice consistent with prior research. These
propellers offer distinct advantages over other available

options like PVC and wooden propellers due to their
lighter weight and lower inertia. These qualities result
in reduced vibrations, and quicker and more controlled
motor speed adjustments, ultimately enhancing the
stability of drones.” To overcome these challenges,
prerequisite optimisation of both batteries and propel-
lers is essential before drone deployment, considering
the potential adverse effects of weather conditions.”'

Several studies have highlighted the preference for
LiPo batteries over Li-ion batteries due to the adverse
effects of high altitude on Li-ion battery performance,
notably affected by lower temperatures. Furthermore,
Li-ion batteries demonstrate reduced cooling capacity
in such conditions.” LiPo batteries offer extended flying
time due to their lighter weight and higher energy density
compared with Li-ion batteries,” However, regardless of
battery type, optimising their capacity utilisation poses a
significant challenge in high-altitude and cold weather
scenarios. Paredes et al, in their study, concluded that
energy demands escalate at higher altitudes, conse-
quently diminishing flight duration.' Insulation, slow
charging and preheating are certain strategies used to
optimise batteries, slow charging plays a crucial role as it
promotes a more stable temperature environment within
the battery during the charging process.”* This gradual
charging method enables the battery cells to warm up
gradually, effectively mitigating the negative impact of
low temperatures. Consequently, this approach aids in
preserving the battery’s charge capacity and reduces the
risk of voltage sag during operation.

Additionally, network availability in high-altitude
regions poses a significant hurdle. Drones rely on terres-
trial wireless networks (cellular) or satellite communica-
tion to establish connections with ground terminals, in
this study, both network types were used for communi-
cation. The limitation of terrestrial networks lies in their
coverage, especially in remote and high-altitude areas.
Moreover, in unforeseen disasters, ground infrastruc-
ture may suffer damage, causing disruptions or complete
failure in terrestrial network functionalities. In such
circumstances, satellite communication networks emerge
as crucial alternatives, offering extensive coverage in
difficult-to-access remote areas.” " Similar observations
were noted during the operations in Keylong, where
terrestrial network connectivity proved inadequate along
the route from the valley to the mountains. However,
the drone’s flight path was continuously tracked, and
the operation was completed. Interestingly, contrary to
prior understanding, network connectivity at relatively
higher altitudes was comparatively better, attributed to
the installation of towers on hilltops. Conversely, disrup-
tions were observed as the drone flew at lower altitudes
through valleys.

Operating at high altitudes presents challenges beyond
technological aspects, as various studies have highlighted
health issues associated with high-altitude environ-
ments.*** The body’s response to high altitude conditions
varies significantly among individuals and encompasses
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Figure 3 Challenges faced during the operationalisation of drone-based deliveries of medical supplies. UV, ultraviolet.

a spectrum of health issues known as high-altitude sick-
ness. This condition arises due to sudden exposure to
reduced oxygen levels.”’ High-altitude sickness encom-
passes three categories: acute mountain sickness entails
mild symptoms such as headaches, nausea, dizziness,
sleep disturbances and shortness of breath. High Altitude
Pulmonary Oedema involves the accumulation of fluids
in the lungs, which can become life-threatening. The
most severe form may result in life-threatening condition
such as High-Altitude Cerebral Oedema.” During the
drone operations, the study team encountered various
symptoms, including nausea, vomiting, shortness of
breath, palpitations, sleep disturbances, eye irritation
and sunburn (figure 3). To mitigate these health-related
challenges at high altitudes, published literature recom-
mends proper acclimatisation through gradual ascent,
adequate hydration and a balanced diet.” In this study,
a few members of the team undertook an acclimatisation
process in Kullu, Himachal Pradesh, situated at an alti-
tude of 4200 ft, before commencing operations at higher
altitudes.

Similar to our findings, study conducted by Mishra et
al reported the prevalence of various acute and chronic
health issues, including respiratory infections, enteric

fever, typhoid and TB, among the population residing in
the high altitude such as Lahaul and Spiti.”*** Particularly
during the winter season at high altitudes, heavy snow-
fall and low temperatures pose considerable challenges
to healthcare operations, potentially disrupting medical
services. This study involved HCWs sharing insights into
the challenges they faced during the peak winter season
at high altitudes.

It was observed that most of the healthcare centres
maintained adequate stocks of essential medicines,
certain critical supplies such as the rabies vaccine, anti-
dotes for snake bites, etc. However, few other life-saving
drugs were not constantly available to healthcare centres,
in these situations, drones might be a viable solution
for the prompt delivery of these emergency supplies in
need. Globally, various studies have highlighted the effi-
cacy of drones in transporting medical resources to inac-
cessible terrains during emergencies.’ '’ ¥ % In Rwanda,
Ackerman et al used drones to transport blood bags effi-
ciently from blood banks to neighbouring healthcare
centres. Similar studies have demonstrated significant
reductions in delivery times for essential medical prod-
ucts, such as blood and its products.”® Notably, in a study
conducted in North East India during the COVID-19
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pandemic, vaccines were successfully transported to
diverse geographical landscapes encompassing islands,
hills and foothills."

Moreover, this study observed that apart from medicine
delivery, drones can be effectively used in transporting
diagnostic samples from remote villages that is difficult
to access through conventional routes. During winter
season, when heavy snowfall blocks roads, HCWs endure
arduous 2-3 hours journeys on foot to gather diagnostic
samples and distribute vital medicines to the peripheral
villages. Discussions with HCWs highlighted that during
winter seasons transportation costs of samples increase
due to road blockage, unavailability of vehicle and public
transport. Although, HCWs get incentive for sample
collection and transportation of clinical sample of
suspected case of few diseases like TB but incentive is not
sufficient to cover commuting costs. Contrary to initial
assumptions, HCWs expressed that drone-based delivery
of emergency supplies and clinical sample pickups
would be more valuable than routine medicine supplies.
The observations demonstrate the efficacy of drones in
medical supply delivery, while drones may not entirely
replace conventional delivery methods, they serve as
invaluable complements to medical logistics, especially
in challenging terrains.

This study encountered several limitations. First, the
research was conducted in October, just before the onset
of heavy snowfall at the study site. Consequently, the
study was unable to determine the impact of extreme
cold weather (below —10°C) and heavy snowfall on drone
operations, which is a crucial factor affecting aerial oper-
ations in such environment. The future exploratory
studies under these environmental conditions would
be helpful to understand these challenges and identify
potential strategies for medical transport.

Additionally, the study’s scope was constrained by a
limited number of sorties predominantly along a single
route. Expanding the number of sorties across diverse
routes could have provided a more comprehensive
understanding of operational challenges and opportuni-
ties at high altitudes, thereby enhancing our prepared-
ness for similar endeavours in the future. Furthermore,
it is important to note that the payload capacity notably
decreased to approximately ~500 g due to heightened
battery consumption at low temperatures, potentially
impacting the drone’s operational efficiency under such
conditions.

CONCLUSION

In conclusion, this study outlines the feasibility and chal-
lenges of employing drones for medical supply delivery
in high-altitude, low-temperature regions. The successful
completion of drone sorties in delivering medical
essentials to remote healthcare centres in the Lahaul
and Spiti districts, despite encountering numerous
challenges, demonstrates the potential of drones to
complement healthcare logistics. However, the study

highlighted critical obstacles such as decreased battery
endurance in low temperatures, wind-related opera-
tional difficulties and communication disruptions due to
varying terrains. Efforts to optimise battery performance
through preheating and propeller selection underscored
the importance of tailored solutions for extreme envi-
ronmental conditions. Connectivity challenges between
cellular and GPS networks showcased the significance
of precision-based GPS control for drone navigation in
challenging terrains. Despite these challenges, the study
provides valuable insights into the successful use of
drones for medical supply delivery, emphasising the need
for further research and technological advancements
to address operational limitations in harsh weather the
findings contribute to the growing body of knowledge
in leveraging drone technology for enhancing health-
care logistics, particularly in remote, inaccessible areas
affected by severe weather.
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