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A B S T R A C T

Background: Health care inequity in remote and rural Indigenous communities often involves difﬁculty
accessing health care services and supplies. Remotely Piloted Aircraft Systems, or drones, offer a potentially
cost-effective method for reducing inequity by removing geographic barriers, increasing timeliness, and
improving accessibility of supplies, equipment, and remote care.
Methods: We assessed the feasibility of drones for delivery of supplies, medical equipment, and medical
treatment across multiple platforms, including drone ﬂeet development and testing; payload system integration (custom ﬁxed-mount, winch, and parachute); and medical delivery simulations (COVID-19 test kit delivery and return, delivery of personal protective equipment, and remote ultrasound delivery and testing).
Results: Drone operational development has led to a ﬁnalized, scalable ﬂeet of small to large drones with
functional standard operating procedures across a range of scenarios, and custom payload systems including
a ﬁxed-mount, winch-based and parachute-based system. Simulation scenarios were successful, with
COVID-19 test swabs returned to the lab with no signal degradation and a remote ultrasound successfully
delivered and remotely guided in the ﬁeld.
Discussion/Conclusions: Drone-based medical delivery models offer an innovative approach to addressing
longstanding issues of health care access and equity and are particularly relevant in the context of SARSCoV-2.
© 2022 Published by Elsevier Inc. on behalf of Association for Professionals in Infection Control and
Epidemiology, Inc.

The COVID-19 pandemic has highlighted multiple gaps in health
care systems across the globe. Supply chain issues have caused global
shortages of essential supplies, such as personal protective equipment (PPE) and testing supplies.1 Timely access to COVID-19 testing
and vaccination have likewise deﬁned communities’ ability to prevent, detect, and respond to the pandemic’s spread. These issues
have been exacerbated in populations already experiencing inequality in access to health care services and supplies, such as Canada’s
tis communities. In Canada, the rate of
First Nations, Inuit, and Me
reported cases of COVID-19 among Indigenous people living on a
reserve is currently 4.3 times higher than in the general population.2
For rural and remote Indigenous communities, health care inequities
often require members to travel to off-reserve locations which delays
access, is burdensome and costly, and in the context of the COVID-19
pandemic, increases the risk of transmission with travel.3

Remotely Piloted Aircraft Systems (RPAS), or drones, offer a
potentially cost-effective method for reducing health care inequities
by removing geographic barriers, increasing timeliness, and improving accessibility of supplies, equipment, and remote care during the
pandemic. In addition, the potential for drones to improve health
equity and access extends beyond the boundaries of the pandemic.
Reducing the need for burdensome travel, expanding the capacity of
health services for both routine or emergency services, and providing
access to specialists via drone-based technologies are just a few of
the possibilities for remote community priorities. For remote and
rural Indigenous communities, drones may also improve their ability
to reach and serve members who live at greater distances from centralized communities and services. Many communities face geographic barriers such as seasonal lack of road access (eg, closures due
to winter storms, or due to the need for ice roads). Likewise, for ﬂy-in
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only communities (remote and isolated communities without road
access, or who rely on ice roads which are passable only in winter),
drones may offer more responsive and affordable access to supplies
and services.
Successful drone delivery of essential supplies, equipment, and
treatment requires innovation at several levels, including the airspace regulatory environment for Beyond Visual Line of Sight
(BVLOS) ﬂight4; adequate safety procedures for different terrains and
weather conditions; the use of appropriate drones suited to various
conditions; procedures to safely land a drone in remote locations;
and payload transport and delivery systems. When transporting
medications or diagnostic samples, the ﬂight itself must not interfere
with the integrity of the payload contents or present a risk to the
public. In addition, when providing remote diagnostics or telemedicine services, the recipient must be able to successfully retrieve the
payload and operate its contents.
Given this background, and with the established expertise of the
Centre for Innovation and Research in Unmanned Systems (CIRUS) at
the Southern Alberta Institute of Technology (SAIT), we sought to
develop a multi-pronged project with the following objectives: (1) to
co-develop a governance structure to ensure that procedures and
operating manuals meet the needs of the Stoney Nakoda Nation’s
communities; (2) to demonstrate the potential of drone-delivered
technology and supplies in diagnosis, evaluation, and treatment with
a focus on COVID-19; (3) to develop and deliver a custom educational
drone operation training program for Stoney Nakoda Nation members; and (4) to use this work as a scalable model for a fully operational drone-based medical delivery system. This paper focuses on
progress towards the ﬁrst 2 objectives; work on objectives 3 and 4 is
ongoing.
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METHODS
Setting: The project is a collaboration between multidisciplinary
partners from the University of Calgary’s W21C Research and Innovation Centre, the Southern Alberta Institute of Technology (SAIT),
Stoney Nakoda Nation (Morley, Eden Valley, and Big Horn First
Nations [SNN]), Alberta Health Services (AHS), the Alberta Public
Health Laboratory (ProvLab), and the TeleMentored Ultrasound Supported Medical Interventions (TMUSMI) Research Group. Project
goals and operations were co-developed with SNN to ensure that
community priorities and interests were served by the project, and
that the proof-of-concept testing would move towards concrete beneﬁts and eventual community ownership of drone-based services.
Ongoing feedback and iterative adjustments are an integral part of
the collaborative model.
The methods employed for drone operations and medical delivery
simulations in the setting described included: (1) drone ﬂeet development and testing; (2) payload system development and integration; (3) PPE delivery and COVID-19 test kit ﬁdelity; and (4) remote
ultrasound functionality.
Drone ﬂeet development and testing
To ensure a scalable ﬂeet capable of serving speciﬁc community and
industry needs, we sought to test a variety of drone models across several application areas; multiple topographic, seasonal, and weather
conditions; payload systems; and remote landing capabilities. The
drone ﬂeet was separated into 3 main categories for testing and evaluation: (1) short duration, low payload, (2) medium endurance, medium
payload, and (3) high endurance, heavy/large payload (Table 1).

Table 1
Drone ﬂeet development details
Endurance

Payload

RPAS examples

Short Endurance
(<30 min ﬂight time)

Medium Endurance
(30-45 min ﬂight time)

Low Payload
(<1 kg)

Medium Payload
(1-8 kg)

High Payload
(8-45 kg)

DJI Mavic Enterprise

DJI Matrice 300

SwissDrone SDO 50 V2

DJI Matrice 600

Operating Temperature
Operating Range
VLOS/BVLOS testing completed
Payload delivery systems tested
Unit Cost

High Endurance
(45 min - 3 h ﬂight time)

-10°C to 40°C
8 km
Flown within VLOS and EVLOS
Fixed mounted payload - neoprene sleeve
$2,000

-20°C to 40°C
Matrice 300-15 km
Matrice 600-8 km
Flown within VLOS and EVLOS
Fixed mounted payload and winch system
$7,000 - $15,000

UKRspecsystems PD-1

-25° to 40 °C
SwissDrone − 300 km
PD-1 − 800 km
VLOS, EVLOS and BVLOS
Fixed mounted payload
$200,000 - $600,000
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Fig 1. Winch and ﬁxed mount payload systems.

Each drone was evaluated based on several metrics such as ease of
use, ﬂight duration (time), ﬂight distance, payload system and capacity, ﬂight performance in different topographic environments (ie, ﬂat,
river valleys, foothills, mountains), and a variety of weather conditions (wind speed and direction, precipitation, temperature, and
humidity). Results of these tests are iteratively incorporated into
Standard Operating Procedure (SOP) documents developed by the
team.
Gaining permission to operate BVLOS is an ongoing core project
goal, which would enable the delivery of medical supplies and equipment across larger geographic regions and thus increase the impacts
of medical drone delivery for remote communities. The team has progressively built towards BVLOS ﬂight by ﬁrst planning missions using
Visual Line of Sight (VLOS), and using the SOPs generated from these
missions for Extended Line of Sight (EVLOS, using ground observers)
and ultimately BVLOS operational procedures and protocols. Detailed
discussion of drone ﬂeet development, including procedural development and testing, ﬂight operations development and testing, and
Detect and Avoid System Testing, are provided in Appendix A.

Custom payload system development and integration
Many complex scenarios may be encountered during the delivery of
medical supplies and equipment, necessitating planning for multiple
payload delivery systems to support all scenarios. Each system focused
on the aircraft and the remote delivery location. Methodology was
developed to support ﬁxed mount, winch, and parachute delivery systems (Fig 1). Detailed methods may be found in Appendix B.

PPE delivery and COVID-19 test kit ﬁdelity
PPE delivery
A simulation was planned to develop procedures for delivery of
medical supplies and identify issues with payload packing, ﬂight, and
delivery. SOPs and BVLOS procedures described in previous sections
and appendices were employed for this mission. The SwissDrone
SDO 50 V3 was chosen for this mission based on its high endurance
and large payload capacity (>45 kg), which allowed for a larger
amount of PPE supplies to be delivered.
Prior to the ﬂight, the PPE (including gloves, gowns, face shields,
and medical masks) were repackaged to reduce their space requirements within the payload container. The payload was removed, and
the drone returned to the take-off zone. Factors such as ease of loading, payload capacity, ease of payload removal, and ﬂight dynamics
were evaluated and incorporated into SOPs.
COVID-19 test kit ﬁdelity
Two simulation experiments were planned to determine whether
COVID-19 diagnostic samples would suffer any degradation as a consequence of being transported via drone ﬂight. To avoid shipping
infectious material, samples were spiked with SARS-CoV-2 RNA and
a MS2 bacteriophage (to mimic whole virus), which are not infectious
to humans or animals (Table 2). Detailed methods are outlined in
Appendix C. Upon return to the lab, the samples were tested as per
Pabbaraju et al.5
During the ﬁrst test ﬂight, a positive control vial was planned to
be kept refrigerated at ProvLab Alberta, while the test vial was delivered to the drone on ice and returned to the lab on ice postﬂight (45minute transit time each direction, with 2 hours total time at site).
There was no additional refrigeration in the drone payload
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Table 2
Results of COVID-19 test kits ﬂown via drone versus controls
E gene
Media

MS2

Copies/mL of E gene RNA or MS2 dilution Control (no ﬂight) Sample Ct Drone Sample Ct Control (no ﬂight) Sample Ct Drone Sample Ct

Saline
Saline
Saline
UTM
UTM
UTM
Experiment 2 Saline in Duplicate

3.31x107 E gene RNA
3.31x106 E gene RNA
3.31x105 E gene RNA
102 MS2 phage
103 MS2 phage
104 MS2 phage
3.31x106 E gene RNA + 101 MS2 phage

Saline in Duplicate

3.31x104 E gene RNA + 103 MS2 phage

Experiment 1

compartment. Upon return to the testing laboratory, samples were
kept refrigerated until testing, which occurred within 36 hours of the
ﬂight. For the second test ﬂight, control and test samples were picked
up together and transported to the drone takeoff site without ice (45
minutes each direction). The control sample remained on the ground
while the test sample was ﬂown in the drone payload container (42
minutes ﬂight time). The samples were then returned to the lab
together without refrigeration and tested simultaneously immediately upon return.
Remote ultrasound functionality
This simulation was conducted to assess the feasibility of using a
drone to deliver portable imaging equipment (Philips Lumify portable ultrasound) and a communication device (cellular phone) to facilitate the remote telementoring of an ultrasound-naïve volunteer in
conducting a self-examination (University of Calgary REB14-0634).
The volunteer was not a health care worker and had previously
received no relevant medical training. The full methodology of this
simulation is described in detail in Kirkpatrick et al.29
RESULTS
Drone ﬂeet development and testing
We successfully developed a drone ﬂeet capable of supporting
several medical-related operations at a range of capabilities and costs
(Table 1).
Procedural development and testing
Procedural documents were successfully developed, tested and
reﬁned over the course of 30 missions and over 100 ﬂights throughout southern Alberta.6,7 Missions were conducted across all 4 seasons. Digital and hard copy SOP documents were developed
supporting each drone, payload system, and ﬂight operation (ie,
VLOS, EVLOS, BVLOS). Each SOP references the Canadian Aviation
Regulations and contains checklists (ie, site survey, preﬂight, and
postﬂight), and mission mapping and safety details.8 In addition,
each SOP integrated AHS and SAIT COVID-19 safety requirements.
Special Flight Operations Certiﬁcate9 and Speciﬁc Operations Risk
Assessment10 documents were created in support of BVLOS approval
as certiﬁed by Transport Canada. These documents were submitted
to Transport Canada, who approved preliminary BVLOS operation.
Flight operation development and testing
Drone operators conducted several VLOS ﬂights where the drone
stayed within visual sight (<1 km) of the pilot. At the completion of
each mission, SOPs were reﬁned with a focus on crew management.
Following VLOS operation, EVLOS missions were conducted to

25.14
22.26
27.82
26.51
30
28.94
Target not Included

24.96
24.98
33.13
34.39

25
24.92
33.51
34.58

Target not Included

19.71
23.44
26.83
16.38
16.63
23.3
23.55

20.06
23.38
26.95
16.68
16.3
23.63
23.67

simulate a BVLOS mission. Leveraging spotters and continuous communication via cell phone and radio, the drone was ﬂown up to
45 km away from the operations crew. Additional VLOS ﬂights were
conducted to verify risk along BVLOS ﬂight routes, streamline procedures, and to train the Pilot-in-Command, Visual Observer, and operations team. At the completion of each VLOS mission, procedures
were reﬁned to support future EVLOS missions. We conducted several EVLOS ﬂights along the Ghost Reservoir with distances ranging
between 20 km and 45 km. Visual Observers with cell and radio communication were positioned along the route and communication was
maintained during the entire operation. Operational procedures
were reﬁned following the completion of each mission. After completing several VLOS and EVLOS missions, we gained preliminary
BVLOS certiﬁcation through Transport Canada to operate at Foremost
Unmanned Aircraft Systems (UAS) Test Range.
While the development and testing of the drone ﬂeet revealed
potential limitations in the ability to land the drone at locations more
than 1,500 m away from the pilot using the standard command and
control (C2) links, other technologies such as aerial repeaters, mobile
data links, or satellite control links capable of providing continuous
C2 coverage to the remote ground location alleviated this concern.
The use of winch and parachute drop successfully mitigated this issue
as the drone remained in radio line of sight and the C2 link remained
stable.
Detect and avoid system testing and reﬁnement
The team purchased, installed, and tested the Iris Automation
Casia I, a computer vision Detect and Avoid (DAA) system—an artiﬁcial intelligence (AI)-based optical system that provides increased situation awareness to the drone crew. Several ﬂights were operated
throughout Alberta using a series of visual observers who scanned
the airspace while the drone and DAA system were in operation. Airborne objects such as birds and other drones were introduced to
evaluate the effectiveness of the DAA system. Testing included 15
operations around the city of Calgary; approximately 25 hours of
ﬂight tests and 3-day missions in a restricted airspace area; and a successful mission to SNN in July 2020. Test ﬂights were conducted in
VLOS, EVLOS, and BVLOS operations.
Custom payload system development and integration
Development (digital design, fabrication, airworthiness testing) of
custom ﬁxed-mount payload systems for long-range medical delivery
was completed using high endurance drones, including a refrigerated
unit and winch system (Fig 1). The custom payload container was
mounted on the SwissDrone and successful ﬁeld testing was completed, ensuring functionality and airworthiness for VLOS, EVLOS,
and BVLOS operations. The container was capable of carrying supplies
in individual containers with refrigeration capabilities to 40 C.
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Fig 2. Map of ﬂight path for delivery simulation mission.

Supplies were successfully delivered to a remote location. We are
also working with A2Z Drone Delivery to redesign and fabricate a
heavy lift winch to be mounted on our SwissDrone SDO50 V3, allowing the transport of larger payloads.
The winch system for low and medium endurance drones (Mavic
Enterprise and Matrice 600) was mounted and successfully delivered
medical devices (a portable ultrasound, probe, and smartphone) and
PPE. The drone crew also delivered water bottles and blankets using
the direct cargo delivery option; sensitive cargo such as the medical
devices using the winch down cargo option; and a package containing blankets and a radio using the drop cargo option when tree cover
prevented other delivery options. Deliveries were completed from
altitudes between 15 and 40 m.
The custom payload container and parachute delivery system successfully and accurately dropped the payload over 10 ﬂights in the
Kananaskis Valley in the Canadian Rockies in rugged terrain.
PPE delivery and COVID-19 test kit ﬁdelity
These simulations were conducted concurrently in July 2020, near
Morley within SNN and using the SwissDrone SDO 50 V3. Mission
ﬂights progressed from safety-oriented test ﬂights to the PPE and
COVID-19 test kit delivery ﬂight described below. The drone was
operated using a BVLOS simulation (spotters were located along the
ﬂight path) from a drone operation center to the SNN Health Centre
landing zone. Total ﬂight distance was 7 km, with an average ﬂight
speed of 10 km/h (2.7 m/s) and a 42 minutes ﬂight time (Fig 2). Air
temperature was 20°C, with wind speeds of 15 km/h and clear visibility. The mission was beyond 3 nautical miles from an airport and 1
nautical mile from a heliport, however our advanced operations
approvals and certiﬁcation does permit operating inside controlled
airspace (see Appendix A for more details on operations and pilot certiﬁcation).

PPE delivery
The payload contents of PPE (including gloves [n = 200], gowns
[n = 20], face shields [n = 5], and medical masks [n = 100]) and
COVID-19 virus respiratory test kits were packaged in the custom,
ﬁxed-mount payload container attached to the long range, high
endurance RPA as described. The payload was successfully delivered
with no apparent damage.
Based on item size and weight, we estimate the following PPE
items could ﬁt in the payload container (individually): either 60
gowns (6 packages of 10); 2,000 gloves (20 boxes of 100); 2,000 face
masks (40 boxes of 50); or 200 face shields.
COVID-19 test kit ﬁdelity
Two simulations on the SwissDrone SDO 50 V3 were completed
with spiked viral transport media or saline used in COVID-19 or other
respiratory virus sampling kits. The drone successfully delivered
COVID-19 respiratory kits and testing of samples post-ﬂight indicated
no decay in the signal or the testing capabilities of the test samples
versus the controls (Table 2). Taking into consideration the conditions
at the simulation site (Appendix C), there was enough data to have
conﬁdence in the proof-of-concept.
Remote ultrasound functionality
The full results of this simulation are published in Kirkpatrick
et al.29 The major ﬁnding was that the ultrasound-naïve volunteer
successfully unpacked the payload and connected with a remote
mentor over the cellular network. The mentor guided the volunteer
through a successful ultrasound examination of all the relevant anatomic areas of the chest recommended to examine for patients with
suspected COVID-19.11,12 The remote mentor was responsible for all
interpretation of the images.

K. Flemons et al. / American Journal of Infection Control 50 (2022) 849−856

DISCUSSION
Drones have the potential to offer swift, on-demand access to
health care for remote and rural Indigenous communities, reducing
or eliminating the burden of travel to major metropolitan centers,
and potentially improving patient outcomes in routine and emergency health care scenarios. This project focused on the co-development of a governance structure, procedures and operating manuals
to meet the needs of the SNN's communities and demonstrating the
potential of drone-delivered technology and supplies in diagnosis,
evaluation, and treatment with a focus on COVID-19.
Our team has successfully developed essential procedural documents, a versatile and agile drone ﬂeet, customized payload containers and delivery systems, achieved preliminary regulatory approvals,
and completed multiple ﬂights demonstrating proof-of-concept and
successful drone-based delivery of medical supplies and services. Collectively, this work represents a foundation on which to build functional, efﬁcient, and impactful drone delivery models in Alberta and
beyond.
One of the cornerstones of this work is the modular and scalable
nature of the knowledge produced. The ability to deliver and send
back swabs for any number of respiratory viruses opens many opportunities for enhancing delivery to remote communities and to rapidly
deploy these resources regardless of terrain and most weather challenges that may impede other modes of transportation. The use of
drones to deliver tests kits and return them to the laboratory lays the
foundation for an alternate delivery method for routine tests and
emergency deployment during outbreaks and prepares us for the
next pandemic or waves of COVID-19.
While the use of drones to deliver health care related supplies in
services is currently in its infancy in North America,13,14 there are
numerous parties interested in building and developing the sector,
including health care providers; established and start-up enterprises;
and remote, rural, and Indigenous communities. As a number of pilot
projects and start-up companies in Sub-Saharan Africa have
shown,15,16 the potential for drones to help “leapfrog” infrastructure
limitations in remote and under-resourced settings is signiﬁcant.
One of the primary challenges to the sector is the current regulatory and legal landscape in Canada, which has made it difﬁcult to
establish drone-based delivery for health care and other purposes.
Developing tested and approved SOP and safety documents is a critical ﬁrst ingredient in opening the sector for innovation and impact.
Our team has worked with Transport Canada to obtain approval for
BVLOS operations based on the robust standard operating procedures, safety and emergency procedures and DAA functions developed by the project. These documents can be exported to many other
settings and provide a foundational legal and regulatory framework
for establishing functional delivery models. Our partners at SNN, for
example, are building on the results of the project to establish a
locally owned drone service, which they have indicated will be helpful in many areas in addition to medical delivery, including resource
management, forestry management, security, and search and rescue,
among others.17 Other partners have highlighted potential uses in
managing remote workforces, emergency medical response, and
expanding the reach of specialized hospital programs beyond urban
areas.
Despite its robust national health care system, health care
inequality remains pervasive within Canada, and is particularly exacerbated by issues of access to services in remote and rural
communities.18,19 Drones are an attractive alternative for the delivery
of supplies and telemedicine services, ameliorating issues surrounding road quality and seasonal access, severe weather events, and lack
of access to specialist services and diagnostics. The potential of offering screening services is also attractive,20 as innovations in diagnostic
and imaging equipment produce small, mobile technologies which
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could be transported by drone—such as the portable ultrasound
device employed in our simulations. These technologies are also
poised to improve response in emergency situations. In this regard,
delivering medical equipment is only a starting point for empowering
remote point-of-care telementored diagnoses and interventions.
Developing the paradigm involving appropriate guidance procedures,
the phraseology, and especially understanding the human factors of
remote medical guidance is in its infancy, but is an area with tremendous need and opportunity.21-23
Despite the strengths of our work to date, we recognize the limitations of the current study. More work needs to be done to facilitate
the process of moving what has been achieved in this project to fully
functional drone-based medical delivery systems. With regard to
transporting infectious substances (ie, diagnostic samples), transportation requirements (governed by Transport Canada and the UN designations for the transport of dangerous goods) will need to be
updated and amended to include drones.24 Further research like that
reported here and by Amukele et al. will be important in this
regard.25,26 Additional work may also be required on how extreme
environmental and weather conditions might impact the ﬂights and
ﬁdelity of human specimens along with costs. However, COVID-19
test ﬁdelity has been tested at varying temperatures and higher altitudes, and the media employed in the specimens is routinely used to
ensure ﬁdelity of nucleic acid tests.
Further investigation is also required in building cost-effectiveness models for drone operation in different settings;27,28 investigating operational, logistics, and ﬁnancial elements of integrating drone
service into health systems AHS and local communities SNN; and
increasing capacity for drone service ownership in partner communities. Toward these ends, our team will be offering drone pilot training
at SNN in spring 2022.

CONCLUSION
Drone-based medical delivery models offer an innovative
approach to addressing longstanding issues of health care access and
equity and are particularly relevant in the context of COVID-19 and
preventing pandemic spread. With proof-of-concept work yielding
promising results, next steps must address regulatory, feasibility,
data security, and cost-effectiveness questions in the Canadian and
international contexts.
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