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INTRODUCTION
Unmanned Aerial Vehicles (UAV) are part of an emerging world of transportation. A new and exciting field within this emerging world is humanitarian
use. Much literature exists about the use of drones for commercial purposes and the discussion is just beginning about their uses in humanitarian
endeavors.
There is an increased risk to non-governmental organization workers in
conflict conditions. One may be able to send drones to undertake some
of those duties without risking human lives. (Rick, 2014) Delivery of medicines and other supplies to remote areas by a fleet of small flying drones is
being tested in Haiti and the Dominican Republic by a company called Matternet. They are planning on a system using 150 drones with bases spaced
10 km apart. Each drone would take 15 minutes per trip and carry a 2 kg
payload. After a $900,000 investment in the drones and infrastructure,
each trip is estimated to cost only $0.24. After testing, they found strong
applications for courier transport and delivery of diagnostic samples in
Haiti, although much more development is needed. They noted the biggest
areas in need of refinement are autonomous navigation and safe battery
exchange. (de Oliveira Andrade, 2013)
Some of the social good being done with drones includes tracking Indonesia’s rebuilding progress after the 2004 Tsunami, tracking weather in
Peru, helping to preserve archaeological sites in South America, identifying
potential natural disasters before the disaster strikes, helping to secure
property rights, and documenting how oil pipelines and mines are causing
environmental damage. (Hlad, 2015) Involving local authorities and community members in these efforts is critical to their success, says Abi Weaver
director of international services for the American Red Cross. (Hlad, 2015)
Drones are compiling 3D images of refugee camps and disaster areas. Aerial photography kits are prevalent as well. They are even able to identify
wildlife and with a series of algorithms can help determine a population
within a given area. (Leetaru, 2015)
There is a strong potential cost and transportation-time reduction in vaccine administration and blood and sputum sample returns by using a drone
to fly into and out of remote areas. There is a specific challenge in the supply chain of vaccines to remote areas, known as “The last mile.”
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The last mile represents the effort of transporting commodities from the
district center to the local health center. Often, the only method of transport is over poor or no roadways. In several studies in countries such as
Vietnam, Mozambique and Nigeria, the last mile made up anywhere from
55 percent to 121 percent of the value of the vaccine. (Rosen, 2012) Although vaccines are potent for long periods of time while cooled, the
cooling mechanisms available during transport places a constraint on the
amount of time a vaccine can spend in transit. Blood and sputum samples
do have a limited window for laboratory testing before contamination sets
in. Testing of the blood samples should be carried out rapidly after collection. The longer that testing is delayed, the poorer the results. The transit
time for blood and blood components should not exceed 24 hours. Sputum
samples must be tested within 72 hours of the sample being obtained.
(GobalLaboratoryInitiative, 2014)
Keeping the vaccines and blood and sputum samples cool during transport
is also a challenge. Almost all vaccines during transport between the national or regional level and the health center of point of being administered
should be kept between +2C and +8C. (WorldHealthOrganization, 2006)
Sputum samples must be refrigerated at a temperature between +2C to +8C
to reduce the possible growth of contaminants in the specimen. (GobalLaboratoryInitiative, 2014) Whole blood must be maintained at a temperature
between +2C and +10C between the collection site and the laboratory.
(WorldHealthOrganizationGeneva, 2005)
THE GAP
There is no literature available on keeping a payload cool within a drone.
There is no existing unmanned aerial vehicle that has a bay and can maintain a cooled temperature. Creating a cooled container to be carried within
the drone will allow for faster, less expensive vaccine administration and
faster and less expensive blood and sputum sample returns.
This project is significant in that it is one of the first projects, that attempts
to maintain a temperature other than the natural ambient temperature
within the body of an unmanned aerial vehicle during flight. The outcome
will be the creation of an internal or external container transported by a
UAV, that will adhere to World Health Organization standards for transportation of vaccines.
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1. OBJECTIVE

Photo Credit: Slide from Andreas Raptopoulus at Hardware Innovation Summit 2013 Slideshare.net

One billion people on the planet do not have access to passable roadways
throughout the year. Seasonal changes, natural disasters and civil unrest
are some of the causes. Currently, the methods for transporting vaccines
and biological samples within developing countries are car, motorbike, people powered bicycle and human carrier. It can take hours to go a few miles,
if passage is possible at all. The trips are sensitive to weather and rely on
often unreliable motor vehicles.
What is termed as the “Last Mile” is often the most expensive part of a
vaccine’s tranport cost. The USAID Deliver Project suggests that 30%-40%
more cost should be added to the total supply chain cost for a vaccine to be
transported from the last storage point to the service delivery point.
(US-AIDDeliverProject, 2013)
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In low resource countries there are often delivery barriers, such as no roads,
poorly kept roads and poorly kept motor vehicles. Co-founder of Riders for
Health, Andrea Coleman and her partner Barry Coleman in the video Vaccine Delivery: The Last Mile discuss how the neglect of vehicles has a profound effect on people’s health. If it is publicized that vaccines will be given
at the health center on the third Thursday of every month, but the vaccines
have not arrived because a car or motorcycle broke down, the women who
have walked 10-15 km with babies will be disappointed and not return,
Coleman says. If vaccine delivery does not occur in an orderly way, you will
never get child immunization under control. “Dependability is essential.”
“You can’t mess about with oil filters. You have to change them,” Barry
Coleman
According to the World Health Organization, more than two million deaths
were averted by immunization. 600,000 hepatitis -B-related deaths that
would have occurred in adulthood were averted because of the work of
national immunization programmes. Even more deaths could be prevented
if the heat and freeze sensitive vaccines were transported and stored correctly. (WorldHealthOrganization, 2005)
Transporting vaccines and samples by drone can cut a normal trip time
of four hours by traditional methods to 20 minutes by drone, providing
more reliability and less expensive transport. Matternet estimates after a
$900,000 investment each flight will cost on $.24. (Hickey, 2014)
The World Health Organization mandates that many vaccines and samples
transported for diagnosis be kept at a constant temperature of between 2C
and 8C. (World Health Organization, Department of Immunization, 2006). If
exposed to temperatures outside of this range, the vaccines can lose their
potency. This is a vast problem in the world of vaccine transport. To keep
vaccines cool, the WHO has a limited list of pre-approved ice packs to pack
with the vaccines for transport. (IVB/11.08 World Health Organization,
2015) The weight of the pre-approved ice packs averages a significant portion of a drone’s payload capacity, leaving little weight and space available
for vaccines or biological samples.
The challenge is to develop a method for transporting vaccines and biological samples short distances within a drone while maintaining a temperature
of between 2C and 8C more efficiently than the current method and packing form used by the ice packs.
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2. DRONES IN HUMANITARIAN APPLICATIONS
Drones are being deployed with increasing frequency for a variety of humanitarian reasons. In the field of vaccine and biomaterials transport,
there are surprisingly only three companies forwarding progress in the
field; Matternet, Zipline (Yackowicz, 2016) and Vayu (Management, 2017).
WeRobotics and their co-creation of Flying Labs has been initiating training
partnerships with local companies and governments, but to date does not
appear to be manufacturing the drones they use. (Meier, 2016)
On of the most successful humanitarian drone efforts to date has been
Zipline’s partnership with the Rwandan government, which began in 2016.
The low barrier for entry in these areas and the lack of alternative systems
and government regulation makes the testing and implementation of drone
use far simpler than in the western world. (Yackowicz, 2016)
An article by Jack Stewart gives an example of a recent drone assist, which
has become almost routine in Rwanda. In September 2017, a patient would
not stop bleeding after a C-section. Local medical professionals transfused
two units of matching blood, thereby depleting their on-hand supply. The
national blood bank had blood, but it would need to be delivered by car
over 25 miles of mountainous road. Doctors called a distribution center
near Kigali where the clinic workers loaded several small UAV’s with seven units of red blood cells, four units of plasma and two units of platelets.
Each drone reached the hospital in fifteen minutes. It dropped its payload
on the landing zone. No mention is made of cooling the payload. Zipline
has performed 1,400 deliveries in Rwanda, about 25% of those, emergencies. (Stewart, 2017)
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THE AIRCRAFT
To understand how our container and method of transport will be used, we
need to understand the aircraft. Will the container be carried inside the
craft? Will it be dropped? Is it delivering one-way or picking-up objects at
the far end? Are all crafts similar? Can we place insulation within the body
of the craft or only the container? If a cooling container or method is to be
designed that will bring more temperature consistency, weight and cost efficiency to the transport process, there needs to be an understanding of the
capabilities of the aircraft.
A company called Vayu fabricated a drone that it is using in the field of humanitarian aid and vaccine delivery. Vayu provided CAD files for the drone
body they have developed (“www.vayu.com,” 2018) . With these files, a
model drone fuselage was a built to give parameters to the payload space
design project.
Drone aircraft currently are sorted into four categories:
fixed wing aircraft, single rotor aircraft, multi-rotor aircraft (single and multiare combined from here forward) and compound wing, which combines
rotors and fixed wings. The type of craft used for transport is important.
Their method of flight will determine delivery methods, capabilities, flight
distances, payload apacity, payload access and more.
THE COMPANIES
Each of the three drone companies operating in the field of humanitarian
aid flies a different category of aircraft. Matternet flies multi-rotor, Vayu
flies compound wing, and Zipline flies the seemingly least flexible of these
craft, fixed wing aircraft, but it is by far the most embedded and established
company of the three.
This project’s objective is to design a container that will work for the compound wing Vayu aircraft. However, if within this process we can design a
container that can be used by more aircraft in the field, all the better.
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THE THREE TYPES OF
AIRCRAFT

FIXED WING
Fixed wing aircraft typically essentially do not land until its “mission” is
complete due to limited landing space, bulky inflatable landing pads and the
difficulties in relaunch. The craft will launch, fly over the target, drop its payload and circle back to home base and land. For vaccine transport, it can
function only as a delivery aircraft, dropping its payload from the air. This
means that this drone can be used to deliver vaccines by taking them from
a regional lab to a local rural drop zone and back, but it would not be able
to pick up specimens for diagnostics unless the flight originated from the
local area, dropped the specimens and then returned to the local area. The
benefits are that fixed wing aircraft are substantially more stable, faster and
can travel further distances than the single and multi-rotor crafts. There is
no need to educate the far end user on its use, how to return the craft, how
to load or how to unload it. The sender stays in control the entire time.
Zipline’s dropped containers are made of waxed paper parachutes and a
cardboard container.

FIXED WING
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THE THREE TYPES OF
AIRCRAFT

SINGLE ROTOR AND MULTI ROTOR
Single and multi-rotor craft have the ability to take off and land from multiple locations and complete multiple-stop missions. Both vaccine delivery
and specimen collection and delivery to a lab are possible.

SINGLE MAIN ROTOR

MULTI ROTOR
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THE THREE TYPES OF
AIRCRAFT

COMPOUND WING
Compound wing aircraft have fixed wings and rotors. They can initiate takeoff and lift with the rotor, as a helicopter does, for example. Vayu’s aircraft
rotates its rotors to propel itself forward using the fixed wing lift. The craft
is faster and travels further than single and multi-rotor crafts. What this
means to the vaccine and bio-sample arena is that a compound wing can
both deliver vaccines and pick up specimens.
COMPOUND WING

Credit: All images obtained from www.vayu.us
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VAYU DRONE

ZIPLINE DRONES
THE THREE PRIMARY HUMANITARIAN
DRONE COMPANIES

ZIPLINE

FIXED WING
PAYLOAD
MAX DISTANCE PER TRIP
SPEED
DELIVERIES WITHIN
PLANE WEIGHT

3.97 lbs (1.8kg)
75m/121km
46 mph (100 km/hr)
30 min
22 lbs

Of the three most prominent companies operating in the humanitarian
field, each of them flies a different propulsion design. Zipline has been
very successfully flying missions and deliveries in Rwanda. (“http://www.
flyzipline.com,” 2018) Medical flights have become a routine practice. The
Rwandan government has embraced drones and made an effort to embrace the technology and set an example of how to build a network of
medical drones.

Credit: All images obtained from www.flyzipline.com
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THE THREE PRIMARY HUMANITARIAN
DRONE COMPANIES

MATTERNET

MULTI-ROTOR (QUADCOPTER)
PAYLOAD
4.4 lbs (2kg)
DISTANCE PER CHARGE
12.4 miles/20km
SPEED
TRIP TIME
15 min

In 2013, Matternet began testing the delivery of diagnostic tools and medical supplies in Haiti and the Dominican Republic. Then in Maseru, Lesotho,
they delivered blood samples from clinics to hospitals. They have tested a
medical delivery in Bhutan and in Papua New Guinea a tuberculosis sample
pick up. (“http://mttr.net,” 2018)
Matternet has since formed partnership with Mercedes for commercial
package delivery. Most recent articles about Matternet, indicate they may
be shifting focus to commercial work.
MATTERNET DRONE

Credit: Matternet

Credit: Matternet
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THE THREE PRIMARY HUMANITARIAN
DRONE COMPANIES

VAYU

COMPOUND WING
PAYLOAD
4.4lbs/2kg
DISTANCE
62m/100km
(number of charges in this distance not specified, assumed to
be one)
TRIP TIME
unknown
Vayu was founded by a journalist and medical professional who state that
Vayu’s goal is to remain in the medical aid field. They are working on deliveries in Uganda, Senegal and Madagascar. Vayu claims a 2 kg payload and a
20 liter volume. (“http://vayu.com,” 2018)

VAYU DRONE

Credit: All images obtained from www.vayu.us
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3. WHAT ARE WE COOLING, WHY AND HOW
Efforts toward vaccine-preventable diseases have been effective partially
because of progress in the proper storage, transport and handling of vaccines. They must be properly stored from the point of manufacture through
to the time they are administered. Compromised vaccines result in many
thousands of wasted dollars and distrust of the vaccines and caregivers by
the receiving population. (WorldHealthOrganization, 2015)
VACCINES AND VACCINE SENSITIVITIES
Vaccines, which are routinely distributed by the World Health Organization
and other aid organizations, include measles, OPV, BCG, mumps and rubella, yellow fever, meningococcal/meningitis in one group and hepatitis B,
diphtheria, IPV, tetanus, diphtheria, HIB and meningitis. The above-mentioned vaccines have a recommended storage and transport temperatures
of between 2C and 8C. Time spent outside of these temperatures can result
in decreased potency. In addition to this, the group listed in the lower left
of the Figure 1 is also freeze sensitive. (WorldHealthOrganization : Department of Immunization, 2006). The World Health Organization is actively
working to communicate to health workers that freezing is a greater danger
than mild heat exposure, which can degrade the structure and potency of
vaccines. (WorldHealthOrganization : Department of Immunization, 2006)
Some vaccines are also sensitive to sunlight and artificial light and can lose
stability and therefore potency if exposed. These include BCG, measles,
measles-rubella, measles-mumps-rubella and rubella. (WorldHealthOrganization, 2015) Lyophilized (freeze-dried) vaccines can be much more stable,
but this varies greatly by the vaccine. Even in lyophilized form, vaccines still
have environmental sensitivities. (WorldHealthOrganization : Department of
Immunization, 2006)
A temperature range of as low as -15C to -25C is acceptable for lyophilized,
also known as freeze dried, vaccines, but never their dilluents. (WorldHealthOrganization, 2015b)
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Figure 1 WHO VACCINE COLD CHAIN TEMPERATURE REQUIREMENTS

Outside these temperature ranges, there is a risk of reduced effectiveness.

Credit: World Health Organization : Temperature Sensitivity of Vaccines 2006
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BIOLOGICAL SAMPLES
Biological samples obtained for diagnosis in remote areas, also referred to
here as local areas or local facilities, must, in many cases, be transported
to larger, regional facilities for analysis and diagnosis. Potentially infected
blood, sputum, urine, fecal samples and spinal fluid have specific requirements for transport conditions as outlined by the World Health Organization. Examples of thesee infectious substances appear inn Figure 2. WHO
has also outlined requirements for complex containers used to transport
contaminated biological samples. (WorldHealthOrganization, 2015)
A large number of specimens received at a regional facility for analysis and
diagnosis are sputum samples. Sputum samples, which are often obtained
for tuberculosis tests, must either be processed immediately or stored at
4C until they can be examined. (Guio, 2006)
The WHO Mycobacteriology laboratory manual states that sputum specimens must be refrigerated at 2 -8C ‘until ready for transport’. (Eisenach,
2014)
In the case of possible outbreaks, the WHO manual for specimen collection
in Iraq informs that specimens taken for viral isolation are viable for approximately two days if stored between 4C and 8C. (WorldHealthOrganization, 2003)
Whole blood for transfusions is obtained at body temperature, but must
then be cooled to below 10C to maintain its properties, then cooled to
around 4C for transport. Outside of this temperature, it loses its ability to
transport oxygen or carbon dioxide to and from tissues. There is also a risk
of bacterial contamination. (WorldHealthOrganization, 2005)
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Figure 2 WHO CATEGORY A INFECTIOUS SUBSTANCES

Chart Credit: United Nations - Recommendations on the Transport of Dangerous
Goods Model Regulations Volume 1 18th Revision 2013
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THE COLD CHAIN
Because of the potential for vaccine and biological sample degradation
and contamination, a universal set of regulations called the Cold Chain was
developed and standardized by the World Health Organization. The cold
chain recommends specific storage and transport conditions, from the point
of manufacture, through air, truck and personal carrier transport to the final
local destinations. See Figure 3.

Figure 3 THE COLD CHAIN

Image Credit: World Health Organization : The Vaccine Cold Chain
Source: PATH /WHO
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COLD CHAIN EQUIPMENT
Cold life refers to either the vaccine’s requirement of transport between 2C
and 8C or a container’s capacity to maintain that same requirement. When
used to refer to a container’s cooling capacity, the term cold life refers to a
length of time a desired temperature range can be maintained. The temperature is measured from the moment the container lid is closed until the
temperature of the warmest point in the vaccine storage compartment
first reaches +10C at a constant ambient temperature of +43C. (IVB/11.08
WorldHealthOrganization, December 2015) Warm life is assessed at a constant ambient temperature of -20C. (IVB15.03 WorldHealthOrganization,
2015 )
The World Health Organization pre-qualifies the containers it recommends
for transport. As part of the pre-qualification process, the containers are
laboratory tested within controlled conditions to assess weather they are
adequate to withstand the environmental stresses that could be placed
upon them and to establish their cold life rating at the ambient temperatures mentioned above. The containers are grouped primarily into two
types: cold boxes and vaccine carriers. A cold box typically has a hinged
lid and seems to require two or more hands to lift or carry. A vaccine carrier has a separate lid and often a handle or strap. The containers have
rigid plastic inner and outer layers. Sandwiched between the layers is a
“foam-plastic”. (IVB15.03 WorldHealthOrganization, 2015 )
ICE PACKS AND CONDITIONED ICE PACKS
Ambient temperatures will vary widely during a journey. Passive containers attempt to control heat flow through container walls, so that contents
remain within their specified temperature range. Ice packs assist with forming this barrier. They are usually placed without gaps along the outer walls
of the box or carrier.
The vaccines lose potency if exposed to heat or cold outside of the acceptable temperature range for prolonged periods. Opened or reconstituted
vaccines outside of their recommended temperature range for prolonged
periods have an increased risk of microbial growth.
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Adverse events during transport are most common when coolant packs are
incorrectly used, an incorrect container is chosen for the transport or the
journey takes longer than anticipated. Ambient temperature is a danger,
but the ice packs themselves also pose a threat. In order to avoid the risk
of freezing of freeze sensitive vaccines, the cold boxes or vaccine carriers
require healthcare workers to condition the ice packs. Conditioned ice packs
are ice packs that are frozen, then removed from the freezer and thawed
until they reach a stable temperature of 0C. This is achieved when the ice
pack is a mixture of ice and water. (PATH, 2013) This is a lengthy process
and requires specific timing. To condition the ice packs, the following instructions are given: a) Determine the number of ice packs required for the
long or short rage carrier or box. The number and type of pack required is
on a label on the underside of the container lid. b) Lay the required number of frozen ice packs, spaced 5cm apart, on a table or work surface in a
single layer. c) Wait until all the packs are properly conditioned – there must
be liquid water inside every pack and the ice cores should be able to move
freely inside the packs when shaken. This will take at least 30-45 minutes in
hot weather conditions and from 90 to 120 minutes in cool weather conditions of about 20C. The last step is to arrange the conditioned packs in the
carriers as instructed by the manufacturer. (IVB15.03 WorldHealthOrganization, 2015 )
There are only seventeen ice packs listed in the World Health Organization
Pre-Qualified Equipment Manual. They all have approximately the same
design, fill method and size, with the largest holding approximately 0.6L and
the smallest (shown in Figure 4 in a listing from the WHO equipment catalog) is 0.3L with external measurements of 163 x 90.5 x 33 mm. The container requirements range from ice chest size, requiring 50 ice packs that
would need to be transported by car to small shoulder carriers for a human
to carry by foot, people powered bike or motorbike, using as few as two ice
packs.

Credit: World Health Organization : Performance Quality Saftey : PQS Devices Catalogue :
Pre-qualified equipment for the Epanded Programme on Immunization
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Figure 4 E005/013 CONDTIONED COOLANT PACK

Credit: World Health Organization : Performance Quality Saftey : PQS Devices Catalogue :
Pre-qualified equipment for the Epanded Programme on Immunization

TEMPERATURE MONITORING
There are many different devices used to record temperature histories of a
vaccine storage device to notify healthcare workers of prolonged temperature excursions. Devices such as a 30-day electronic temperature logger
or electronic freeze indicators exist for longer storage periods. For shorter
storage, a high/low thermometer can mark the lowest temperature reached
and the highest during a journey. Most essential and most common is the
VVM or Vaccine Vial Monitor. It is a chemical indicator label, which is applied to the vial or primary container by the manufacturer. Cumulative heat
exposure is indicated through a gradual change in color. (VMH-E2-011, July
2015)
SUMMARY
A review of the literature shows the various methods used to transport and
keep vaccines cold. In the next chapter, we discuss questions such as how is
the delivery container used after landing and who uses it.
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4. THE FACILITIES AND HEALTHCARE WORKERS
Understanding the healthcare workers, the facilities, technologies available,
such as refrigeration, and power are critical to gaining a full picture of the
life cycle of the container on a mission.
Some of the questions that arose centered around what conditions were
like on the ground after a container’s arrival were: What are the quantities
of vials that need to be sent in a day? Are we looking at 10 vials or 300
vials? Will the craft need to make multiple runs during a day? Do the periods of vaccine administration last one hour? Two? Eight? How are the vials
kept cool during this time? Will this container need to act as a refrigerator
for eight hours? Will we need to limit the number of times the container
is opened to keep it cool? Will it need to be moved? What about syringes
and gloves? Will those need to be transported by this method as well? This
would affect the space available. Is this container reaching trained staff at
the other end? This would affect the need for instruction. Is it better that
the container is disposable?
An interview was granted by Dr. Robert Breiman, director of the Emory
Global Health Institute, which took place August 17, 2016 at Emory Gobal
Health Institute in Atlanta. Many critical questions were answered. The
following are notes from the interview.
NOTES TAKEN DURING THE INTERVIEW WITH THE DIRECTOR OF THE EMORY
GLOBAL HEALTH INSTITUTE- DR. ROBERT BREIMAN
According to Dr. Breiman, most countries that he has dealt with have small
medical facilities at the local level which have generators. There will likely
be refrigerators on the receiving end of a drone delivery and of course, staff.
There isn’t a place in the world he could think of where there wasn’t some
sort of facility set up for vaccine administration.
Will we need to transport syringes? That is something that could be
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delivered, in bulk, once every six months by truck, plane or existing delivery
route.
He volunteered the following during discussion: Countries he could think of
off hand that would be good fits for vaccine delivery by drone are mountainous countries or countries impacted by war such as Madagascar, Mozambique and Somalia.
What can we expect in terms of quantities or numbers of vaccine vials, needing transport at one time? If a drone can easily be flown in and out and it
takes 20 to the local facility in one morning and then 20 back that afternoon…he seemed to indicate that could be an expected or sufficient amount.
Will there be other ﬂuids or materials or specimens that will need transport in
addition to sputum (lung eﬄuent) samples and blood? Urine and very rarely
cerebral and spinal fluids.
Will orientation matter? Drawn samples will be in a sealed tube. Just make
sure it doesn’t break.
He volunteered the following during discussion: Everything except blood
cultures are ideally kept between 2C and 8C for long periods of time. Almost
all biomaterial drawn is OK being unrefrigerated for about 12 hours. He feels
most vaccines would be OK within an hour or so as well. Vaccines and their
administration are part of a government’s budget. So, the governments have
made allowances and provisions for ge�ng vaccines to the regional and
local facilities, but using drones for diagnostics would be a game changer. He
gave the example of testing one sick child and needing results back quickly
because the child might be dying. This can’t be done right now. This would
have an immediate and useful impact.
He also volunteered: Many of these countries know drones to be carriers of
weapons. There will likely be a need for community engagement in some of
these areas to keep the drones from being shot down or smashed.
In addition to the interview with Dr. Breiman, a less formal conversation was
held with employees of the Center for Disease Control. These employees
also believed that the vaccines would not be compromised during a twenty
minute flight time. In the next chapter, we discuss questions such as, “What
do these comments and suggestions mean for this project?”
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5. POST-RESEARCH: REASSESSING OBJECTIVES
AND DEFINING DESIGN CONSIDERATIONS
REASSESSING OBJECTIVES
During the research phase of this project, information was uncovered that
could warrant redirection of the project goal; the importance of biomaterial
transport in the field of humanitarian aid and most importantly, the general belief by professionals that vaccines’ efficacy will not be compromised if
removed from the cold chain for the estimated twenty minute drone flight
time. The first section of this chapter will discuss that new information and
the decision making processes that lead to either confirming or modifying
the project goal before continuing on to concept development in Chapter 6.
Adding biological sample transport to the project scope is a strong temptation. If the goal is humanitarian aid in developing countries, Dr. Breiman
just made us aware of a great need and told us we have the tools to take
action. Some documentation and a conversation with a healthcare worker
in the field of tuberculosis diagnostics, one of the most common diagnostic
tests done in developing countries, placed emphasis on immediate refrigeration of sputum samples, although Dr Breiman did not mention TB as an
exception to specimens being uncompromised for 12 hours post withdrawal. Clearly there are field experienced opinions on vaccine and bio-sample
temperature control while in transit, which are more lenient on the temperature window requirements than what the World Health Organization
mandates.
When presented with transporting both vaccines and biomaterials, it becomes apparent that these two different contents require two separate
series of actions, that is, two separate “storyboards”, as seen in Figure 6.
When transporting vaccines, the drone is delivering. The previously refrigerated vaccine is loaded into the drone at the regional end, then transported
at the target temperature for disbursement at the local facility. The drone
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has this capability in some form. Every type can either land to deliver
items or drop items for delivery. The temperature control must occur on
the outbound leg of the trip.
During the transportation of biological samples for diagnosis, the drone is
retrieving. A drone is sent and it must land. The bio-sample is then loaded
into the drone. It is at this point, at the local facility, the act of maintaining
a target temperature begins.
The drone returns to the regional facility with the sample for diagnosis. The
objective is to retrieve. Not every type of drone can do this. In many cases,
fixed wing aircraft cannot land and take off again remotely. The temperature
control must occur on the inbound leg of the trip.
If the storyboards were parallel, biological sample transport could be easily
added to the goal, e.g., to design a “temperature controlled container to
carry vaccines and biomaterials in developing countries.” Because the storyboards do not run in parallel, the biomaterials will be better addressed
as a separate project that builds upon the current one. If while designing a
container to transport vaccines in a temperature controlled environment,
we can also design a container that will simultaneously function for temperature controlled biomaterial return transport, then it will be a significant
added benefit.
The goal of this project is to create a container that will keep vaccines within the required temperature range as mandate by the World Health Organization. Dr. Breiman and CDC employees with current, on-the-ground
experience in the field feel that vaccines will not need cooling or insulating
during the estimated twenty-minute drone flight times. However, this would
not be in compliance with cold chain requirements.
If the drone flight times or distances between facilities increase or if the
vaccines ever need to remain in the container for a prolonged period after
landing, the work being done in this project is still very valid. The World
Health Organization may also someday opt to enforce the cold chain requirement. This would also validate the reason for the work done on this
project.
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The above considerations are mapped in Figure 5 below, with a goal of
refining the project direction and ultimately what should be prototyped. A
red X inside a circle indicates an end to a path. An orange hexagon labeled
“2”, indicates a path to be pursued in a possible Phase 2 of the project. A
green check mark inside a circle indicates a course of action which can be
immediately pursued.
Figure 5 OBJECTIVES DECISION MAP
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CREATING DESIGN SPECIFICATIONS
We considered simply insulating or cooling the cargo bay itself without a removable container. The bay could simply have a lid. However, the vaccines
must be transported and unloaded into a refrigerator. Without a removable
container, we add an additional transfer by hand to the process. The vaccines would be unloaded from the cargo bay into a container and then carried to a refrigerator where they would again be unloaded. Also, if what we
are developing has a hope of being used in different aircraft or being used
externally in the case of a fixed wing aircraft, we need to use a removable
container. If the vaccines for any reason needed to stay in the container for
any period of time, the drone could be returned to home base while the
container continued to cool or insulate the contents. For these reasons, it
was decided to continue with the concept of a removable container. What
does this removable container need to accomplish?
The Vayu aircraft has a maximum allowable cargo bay carrying weight of
2kg, Matternet 2kg and Zipline 1.8kg. The container then needs to not
weigh more than 2kg including its contents. The user needs to know that
the container and contents to be loaded cannot weigh more than 2kg combined, either by training, iconograpahy, audible indicator or other. It needs
to be easy to load and unload by hand or with simple tools by a lightly
trained healthcare facility worker, and at best, by a novice user. It needs
to be loaded or unloaded with the proper orientation if any is required. It
needs to safely contain and transport vaccines of various vial sizes, it needs
to maintain the appropriate temperature as designated by the World Health
Organization for at least twenty minutes (the estimated flight time); if the
temperature exceeds the minimum or maximum, then information must
be communicated to the regional healthcare worker, by live monitoring,
vaccine vial monitor, high-low temperature or other method. We want the
container to be impact resistant. We want it to be easy to manufacture at
low cost. We want it to be simple to operate. We want the cargo to be
cushioned. We want it to contain leaks and limit intrusion of the surrounding environment. These design specifications for the container are mapped
out in the design specifications chart in Figure 6.
In summary, the vital needs are as follows: a container including contents
which cannot weigh more than 2kg, must be temperature controlled, not
to exceed 2C to 8C, it must keep the contents safe and unbroken, contents
must be removable from the drone by human hand or simple tool, and the
container must be able to be opened and contents extracted by human
hand or simple tool.
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Figure 6 STORYBOARDS

BIOMATERIAL
SAMPLE
TRANSPORT
B-4

B-8

B-1

B-2

B-3

B-5

B-6

B-7

B-9

B-10

STEPS STARTING AT REGIONAL FACILITY
B-1 LOAD CONTAINER WITH EMPTY VIALS
B-2 INSERT HIGH-LOW THERMOMETER
B-3 WEIGH
B-4 LOAD CONTAINER INTO DRONE
B-5 FLY DRONE FROM REGIONAL FACILITY TO LOCAL
B-6 REMOVE CONTAINER FROM DRONE
V-1

B-11

B-7 TAKE SAMPLE /DRAW BLOOD OR SPUTUM
B-8 LOAD SAMPLES AND THERMOMETER INTO
CONTAINER
B-9 WEIGH CONTAINER. IF 2KG OR UNDER THEN
B-10 LOAD CONTAINER INTO DRONE
B-11 FLY DRONE BACK TO REGIONAL FACILITY

V-2

VACCINE TRANSPORT
VACCINE
TRANSPORT
V-3

V-4

V-7

V-11

V-8

V-12

STEPS STARTING AT REGIONAL FACILITY
V-1 REMOVE VACCINES FROM REFRIGERATOR
V-2 LOAD VACCINES INTO CONTAINER
V-3 INSERT HIGH-LOW THERMOMETER
V-4 WEIGH CONTAINER. IF 2KG OR LESS THEN
V-5 LOAD CONTAINER INTO DRONE
V-6 FLY DRONE TO LOCAL FACILITY
V-7 REMOVE CONTAINER FROM DRONE

V-5

V-6

V-9

V-10

V-13

V-14

V-8 CHECK HIGH-LOW THERMOMETER, IF OK THEN
V-9 REMOVE VACCINES FROM CONTAINER
V-10 ADMINISTER VACCINES
V-11 LOAD EMPTY VIALS INTO CONTAINER
V-12 WEIGH CONTAINER
V-13 LOAD CONTAINER INTO DRONE
V-14 FLY DRONE BACK TO REGIONAL FACILITY
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Figure 7 DESIGN SPECIFICATIONS
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WEIGHT CONSTRAINTS AND PAYLOAD CONTENTS
Figure 8 clarifies the weight constraints and goals. One litre of water weighs
1 kg and we can assume that vaccines in liquid form weigh approximately
the same. The volume of one unit of blood is 450-500ml. 450 ml of blood
weighs about 468grams. If the payload is one pack of 25 full 2ml vaccine
vials, they would total 50 ml per pack and each pack would weigh 50 grams
plus the weight of the empty vials, empty weight unknown. Approximately 25 or more full vaccine packs could be carried or approximately two to
three units of whole blood. For this graphic we are going to assume that
the container has no weight to contribute. We can still see the proportional
relationship the ice packs have to the payload. A more efficient container
could mean reducing the weight of the ice packs needed, eliminating the ice
packs, or pursuing a method of cooling that would allow for larger payloads
with minimal weight needed to cool them.

Figure 8 AVAILABLE PAYLOAD

2kg

(MINUS UNKNOWN
CONTAINER WEIGHT)

726g
ICE PACKS

x2
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Appx 1452g minus
container weight

AVAILABLE PAYLOAD

PAYLOAD
25 VIAL PACKS
OR
3 UNITS WHOLE BLOOD

Now that it is understood how the container needs to perform, the next
step is to fully understand the space that the container is being designed
for, the cargo bay.
THE VAYU CARGO BAY
At the onset of the project, Vayu Inc. was engaged as a sponsor. Vayu is
strongly pursuing the use of compound wing aircraft in Madagascar and
Senegal, with many other nations and areas as possible users in the near
future. (“http://vayu.com,” 2018)
Vayu supplied a Solidworks file of the airframe or fuselage for their compound wing aircraft. This craft has the ability to take flight, land and take
flight again. It takes off like a helicopter, then transfers to fixed wing forward flight. The cargo bay in this aircraft measures 16” x 5” x 6”.
An airframe is an aircraft ’s internal structure, the fuselage is the part of a
passenger aircraft that holds crew, passengers and cargo and sometimes
the engine. Balsawood was the material selected to cut and construct a
model fuselage, giving a very precise idea of space to be designed for. A
follow up interview with Vayu was made to determine if the areas outside
of the cargo bay were available to fill with insulation. These areas were
available, but ultimately if the design were dependent upon this insulation,
the concept would lose its potential to be used with other aircraft. It would
also create two different points of transfer for the vaccines on the receiving end. The vaccines would be removed from the aircraft, put in a smaller
container, then transported to the refrigerator and unloaded again. If the
container can be removed from the aircraft, the container can be transported with the vaccines safely inside to the refrigerator and only unloaded
once. Vayu did stress an affinity for simple and affordable solutions.
Images on the next pages are of the file that was sent by Vayu and images of the actual constructed aircraft. The images were taken from Vayu’s
website. One image shows what seem to be the hands of a medical professional loading vaccines into the cargo bay and securing them with a simple
velcro strap. The second image shows a medical professional placing a lid
on top of the craft.
Now that the space we are designing for is defined and the objectives and
specifications have been clarified, how will this container fit within the
aircraft, how will it perform? It is time to look at concepts for fit, latching,
sepration of vaccines, orientation, methods of cooling and more.
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THE VAYU AIRCRAFT CARGO BAY

THE VAYU AIRCRAFT CARGO BAY
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6. CONCEPT DEVELOPMENT AND PROTOTYPING

SHAPE FOR
CYLINDER
PROTOTYPE
CYLINDER “SERIES OF
TWIST-ON” PIECES LED TO
RECTANGULAR MODUALR
PROTOTYPE
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MODULAR, SLIM ICE
PACKS ON ALL SIDES
FORM THIS SKETCH,
THE BASIS FOR THE
MODULAR PROTOTYPE
BECAME THIN ICE
WAFER CONCEPT FOR
MODULAR PROTOTYPE

AEROGEL AND MODULAR
DESIGNS FIT WITHIN PAYLOAD
FROM THIS CONCEPT
THREADED LID
CLOSURE ON CYLINDER

FLEXIBLE FABRIC LID
INSPIRED FOLDING
PROTOTYPE

ACCORDION FLEXIBLE CENTER
TURNED INTO FOLDING PROTOTYPE
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Before continuing to the container design and the final four prototypes, it is
important, here, to provide information on the decisions and assumptions
made about temperature monitoring and weighing design specifications
and functions.
WEIGHING AND TEMPERATURE MONITORING: FULL “SMART” INTEGRATIONS VS SIMPLE MANUAL DEVICES
Two of the vital functions of the overall container design are weighing and
temperature monitoring. Should these be fully integrated electronic components and sensors or simple pre-fabricated devices purchased from a
third party vendor?
A fully integrated weighing component with an internal sensor and wired
real time satellite fed temperature monitoring would be an option for the
Vayu aircraft. An integrated weighing mechanism might look something like
a light mounted on the outside of the aircraft that would blink either red
or green. Perhaps the engine will not start if the weight limit is exceeded.
Perhaps there is a small speaker with a voice in the language of the user
providing feedback.
Integrated temperature monitoring might provide a constant data feed to
the sender, who could monitor the temperature within the container in real
time. The container would likely have built-in sensors and then the user
would plug the container into the aircraft, or it would fit in only one way so
that the plug-in was mandatory for proper fit.
These solutions are expensive, complex and new to the user. It was decided
to use traditional and ubiquitous methods of measurement for weight and
temperature. Small handheld “fishhook” scales and vaccine vial monitors in
addition to a high-low thermometer, which leaves a mark at the highest and
lowest temperature reached after activation, can very adequately do the
job at low cost and low added manufacturing complexities.
A mock high-low thermometer was made from cardstock paper.
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SCALE

MOCK
THERMOMETER

WEIGHING
Anyone loading the container must be informed, either by instruction, prior
knowledge, or graphics that the container and its contents cannot weigh
more than 2kg combined. A handheld scale was purchased for weighing
and will be included with every prototype. The prototype and its contents
must be weighed before loading. The scale here is loose, but in the final
product, it may be secured to a weighing strap so that it is not lost or repurposed.
A simple graphic was created to indicate the above information to the user.
What would people in developing countries understand? What colors? Do
red and green mean the same thing? A quick internet search of traffic lights
in some of the countries where drones are making deliveries at the very
least confirmed that their traffic lights are set up like the traffic lights we
are familiar with in the United States. Green for go and red for stop mean
the same in many other countries if travelling by car. This is good indicator
that these colors, when used in this type of graphic, might be understood in
other cultures.
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TEMPERATURE CONTROL
Three separate methods of temperature control are being considered: Active Cooling, Passive Cooling and Insulation.
Active cooling uses refrigeration. Thermoelectric cooling devices can be
small and lightweight. They have the ability to cool to very low temperatures and as long as battery life lasts, they have the power to cool for hours.
They could also be integrated into a system that gives the drone pilots
control over the output during flight A thermoelectric device would need
access to the environment outside of the container.
Passive cooling uses phase change materials (PCM) such as ice, paraffin or
salt compounds. As mentioned in Chapter 3, and appearing in Figure 5, the
World Health Organization has approved several sizes of ice packs for use
inside vaccine transport carriers, but thus far no other PCM’s are approved.
Commerical PCM’s can be salt compounds or paraffin packs packaged in
plastic. World Health Organization PQS (Performance Quality and Safety)
listed equipment does not recommend non-water PCM’S because of the
potential risks to users if there is leakage. (Schreiber, 2015)
Simply insulating a container is also a form of passive temperature control.
It slows the heat exchange between the contents and the outside environment. The goal in insulating the vaccines would be to retain their refrigerated temperature as long as possible from the time they were removed from
a refrigerator at the regional level until the time they arrive at their final
destination and are placed in a refrigerator at the local healthcare facility.
If the vaccines and samples transported will not lose their integrity by being
out of the cold chain for 20 minutes, then keeping them within the recommended temperature window through intense insulation, while eliminating
the use of heavy ice packs, seems a very likely and viable mid-range solution.
From the objectives decision map in Chapter 5 we concluded that we would
protoype passive cooling models. Because we are investigating both passive PCM’s, we will use ice packs and simple passive insulation; two prototypes of each type of passive temperature control were selected to study.

48

These will be referred to as Passive PCM’s and Passive Insulators. Two of
each type would give us four very different prototypes with which to test
usability and two prototypes of each type of temperature control to test for
temperature stability, when we reach a stage where temperature control
can be tested.
The two different types of temperature control are important even to the
usability aspect of the design because the weight of a container loaded with
water and the weight of one without water will handle very differently. The
actions required to load and unload the PCM wafers or packs are very different than a container with “built-in” insulation. The goal again is to create a
more efficient method of keeping a vaccine cargo cool.
In both passive PCM designs, the goal is to reduce the overall weight and
volume of the ice/water used in the ice packs. The smallest approved ice
pack is 370g full and 75g empty, See Figure 4. If two of these were needed
to surround the payload, they would weigh 590 grams. This is 0.59 liters of
water. The goal is to reduce this weight.
PROTOTYPES
The four final protoyped designs embody various shapes from round to
square, various elasticities from folding to rigid, various closures including
snap fits and threaded lids, various carrying methods and other features.
These were derived from brainstorming and concept refinement. A large
image of some ideas from the initial brainstorming sessions covers pages 44
and 45. The seeds of the concepts that turned into the four prototypes are
found in those images and labeled.
Testing four prototypes with a great deal of variety provides very useful
feedback, which can be incorporated into a final prototype embodying the
best of each of the four prototypes created in the following chapter. The
four prototypes were named Cylinder, Aerogel, Modular (or Rectangular
Modular) and Folding.
Kept in mind throughout this was the adaptability of each design to a thermoelectric device.
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CYLINDER
The cylinder was inspired by the double walls of a dewar. In the cylinder,
the insulated walls would provide surrounded cooling for the cargo and
limit the amount of water needed for freezing. The double wall of a dewar,
however, contains a vaccuum. The walls of this design would be filled with
water and frozen. When water freezes it expands, so the penetrations in
the wall and a rubber film would behave as an expansion point. The top in
this prototype is a friction fit, but if made again the top would be threaded.
There is a layer of cushioning on the inside of this tube. A flexible handle
is placed at the top for both hand carrying comfort and as an attachment
point for the scale. Spools of thread were substituted for loose vaccine
vials. The Cylinder protoype weighs 494g without water.

HANDLE FOR
WEIGHING

CUSHIONED INTERIOR-WHICH CAN BE
THICKENED FOR BETTER FREEZE PROTECTION
FILL WITH WATER
HERE
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TWIST CAP COVERS
WATER FILLING POINT

The cavity inside the double walls is 3/16” thick. The cavity extends around
the long length of the cylinder and connects through bottom end. The sides
and bottom of the cavity are interconnected. The approximate volume
of the empty space is 33 cubic inches. When filled with water, the water
volume would be 0.54 liters and 540g full. Two of the smallest ice packs,
together weigh 0.58l and 580g full. If the depth of the Cylinder’s interior
cavity is reduced by one-third to 1/16”, the weight drops to 360g. If the
cavity depth is reduced by half to 3/32”, the new weight is 270g.

FILL WITH WATER
HERE

RUBBER MATERIAL
TO ALLOW FOR ICE
EXPANSION

VIEWING
WINDOWS

FLAT FRAMEWORK ON BOTTOM TO PREVENT ROLLING

HOLLOW WALLS

DO NOT OVERLOAD
GRAPHIC LOCATED
INSIDE TOP LID
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AEROGEL

Aerogel (“http://www.aerogel.org,” 2018) is a fascinating substance and
considered by some to be the lightest weight solid in the world. It is also
one of the most highly insulating substances in the world. Research about
aerogel and aerogel products led to a company called American Aerogel.
Aerogel is broken down into fine granules and then dispersed throughout
the body of more commonly used polystyrene insulation. American Aerogel
then makes the sheets into highly insulated shipping containers, providing
a higher degree of insulation from outside environments. The material is
thinner and a comparable weight to widely used polystyrene sheet insulation. The smallest box made by American Aerogel was obtained. It came in
the form of a base and a separate unattached lid each with a, silver overlay
and clear tape. A conversation with Aerogel informed that any perforation
of any of the surfaces would compromise the container’s insulation ability.
With silver HVAC tape and a handle, this became the basis for the Aerogel
prototype. The Aerogel prototype weighs 450g.
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HANDLE ACTS AS
ATTACHMENT POINT
FOR WEIGHING
MECHANISM

WIDE MOUTH
ACCOMMODATES HANDS.
FACILITATING VISIBILTY AND
INSERTION AND REMOVAL
OF CONTENTS

HIGHLY INSULATED DISPERSED
AEOROGEL RIGID INSULATION
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MODULAR

Because of the potential variety of product being transported, the ability to
modify the size of the container and vary the amount of cooling or insulation needed. The overall container was designed with snap fit parts. Each
of the 4.75” x 4.75” x 5” sections, as well as the two thinner ends, snap onto
one another. The small off white rectangles made of sign foam represent
very thin, small ice pack “wafers” which would replace a large ice pack. Just
a few could be used or many. Instruction would need to be provided on
how many packs to use for the conents. Finger holes were added to the inside to assist with removing the packs. Adding a handle or grip point for the
scale was a challenge on such a modular piece, so a bag was added which
would hold the entire ensemble. Where possible, the frame was hollowed
out to reduce weight. All three pieces of the Modular prototype without ice
wafers weigh 1640g. Two pieces weigh 1207g. The 3D print material is extremely dense. The weight of the prototype does not accurately represent
the weight of what the final product might be.
BAG FOR WEIGHING

BETWEEN 2-10 ICE
PACK WAFERS CAN BE USED
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MAXIMUM WEIGHT ICONS

Each conditioned ice wafer is approximately 3 3/8” square. The proposed
thickness is 1/4” thick with 1/16” thick walls and a 1/8” inch water filled
cavity. These wafers would be permanently sealed translucent plastic and
would not be refillable or openable. The volume of water inside each wafer at that thickness is approximately 1.32 cubic inches. That is 0.021liter
and 21 grams. If the wafer is 5/16” thick with 1/16” thick walls and a 3/16”
water filled cavity, the volume of water inside is 1.98 cubic inches. That is
0.032liter and weighs 32 grams. There are 10 wafers on the four section
prototype, which, cumulatively are similar in weight to one ice pack.
REMOVABLE ICE PACK
“WAFERS”

SNAP FITS
TOGETHER

FINGER HOLES TO FACILITATE
ICE WAFER REMOVAL
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FOLDING

The folding bag prototype is entirely different in that is is a softshell container. It is a much more malleable shape than the other three rigid containers.
A plastic-lined cotton fabric was added to the inside of the bag, channels
were glued in place and each channel was filled with 1/4” diameter polystyrene beads. The folding cloth was added to prevent the contents from
slipping through the ends; it has a velcro strip which can be used to further
secure the contents. The buckle closes and secures the entire bundle and
the hook gives the weighing mechanism an attachment point. The Folding
prototype weighs 850g.

FOLD

FOLD

VELCRO
STRIP

TWO HANDED
BUCKLE CLOSURE
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LOOP FOR WEIGHING SCALE
ATTACHMENT POINT

INSULATED CUSHIONING
POLYSTYRENE
FILL THROUGHOUT

MAXIMUM WEIGHT ICONS
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7. PROTOTYPES: EVALUATION AND PERFORMANCE
The container will be loaded by one user at the origination point and unloaded by a different user at the receiving point. Therefore, two questionnaires were developed and two separate scenarios presented to two sets of
participants in an attempt to replicate the experience of both users at each
end of the transportation process.
Obtaining feedback on loading the container at only the regional level
would not give a complete picture of the container’s use. There are a minimum of two sets of hands that, will manipulate the container, the regional
healthcare working at the loading point and the local healthcare worker at
the unloading point. Both of these points need to be tested by two different sets of people, with an attempt to mimic the two users level of familiarity with the container.
The first set of participants was presented with the airframe model and the
four different containers. They were asked to assume the role of a regional
healthcare worker who would load the vaccines into the container and load
the container into the drone for transport. The second set of participants
was presented with the airframe model and pre-loaded container inside.
They were asked to assume the role of the local healthcare worker and
remove the container from the drone and load the vaccine contents into a
refrigerator.
In developing a test, that will evaluate usability, a type of presentation
was developed to mimic a real world encounter with the container by the
healthcare workers. Also taken into account is a healthcare workers prior
level of experience with the container or knowledge of its use.
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The goal of the testing is to observe how a user manipulates, holds, uses
and understands the container or another way to view it, how well the container communicates tasks and end goals to the user. The focus of these
tests was not on the fit of the container within the drone. The tests were
also not focused on the mechanical ability of the container to keep the payload cool. These tests were focused on how the end user interacts with the
designs.
According to the interview with Dr. Breiman, it is likely that the healthcare
workers who will be users of the container have medical training. Because
we know there is a training system in place, we will assume the same workers can receive training on the use of the container either via instruction by
person or video.
To mimic these steps, in the first set of user tests, which will test at the
loading end, the experimentor will walk through each process once in front
of the user, also referred to as participant. This would simulate training
either in person or by video. The subject would then repeat the steps to
accomplish the same task.
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USER TESTING : FIRST SET : LOADING
For this first test, the end user of this container is regional healthcare worker trained in vaccine administration. It can be assumed that the regional
healthcare workers are trained to keep the vaccines within the WHO cold
chain and it can be assumed that they are trained in conditioning ice packs
until they reach the appropriate temperature, loading the carrying bags and
sending accompanying needles and bandages via mail or carrier to the local
facility.
Six adult participants were trained on how to use four individual prototypes.
They were trained on all four prototypes at once. The participant was then
handed one prototype and asked to repeat the steps which were to: open
the container, load the vaccines and one high-low thermometer mock-up,
close and secure the opening or lid on the container, then weigh the contair, making certain that it did not exceed 2kg total weight, then remove
the thermometer and load the container into the drone payload bay. They
were then asked to answer the questions printed on paper, called a questionnaire, and to comment on each. Once that was complete, they were
handed the next prototype and then the next until all four prototypes had
been opened, loaded and inserted and a questionnaire had been filled out
for each. The questionnaire was the same for each prototype and is shown
in Figure 9.
The participants were then asked verbally what their overall thoughts were
and if they had a favorite design or if they could rank the designs. Their
answers were written and recorded as responses to an interview question.
Figure 10 records the answers to each question.
Each question is assigned a number and is referenced, for example, as “Q1”
or “Q10”. Each participant is assigned a letter and is referenced, for example, as either “A” or “P-A” or “D” or “P-D”.
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PARTICIPANT PROFILES
Participants were not asked any profile questions. The following are assumptions or estimated observations made by the interviewer.
Participant A

MALE, EARLY 4O’S, MARRIED, US, CAUCASIAN, FIRST LANGUAGE:
ENGLISH, EMPLOYED

Participant B

FEMALE, EARLY 40’S, MARRIED, US, CAUCASIAN, FIRST
LANGUAGE: ENGLISH, NOT EMPLOYED

Participant C

MALE, LATE 20’S UNMARRIED, INDIA, SECOND LANGUAGE:
ENGLISH, GRADUATE STUDENT

Participant D

MALE, EARLY 20’S, UNMARRIED, CHINA, SECOND LANGUAGE:
ENGLISH, GRADUATE STUDENT

Participant E

FEMALE, MID 20’S, UNMARRIED, US, CAUCASIAN, FIRST
LANGUAGE: ENGLISH, GRADUATE STUDENT

Participant F

MALE, MID 20’S, UNMARRIED, US, CAUCASIAN, FIRST LANGUAGE:
ENGLISH, GRADUATE STUDENT

Participant G

MALE, LATE 20’S, UNMARRIED CHINA, SECOND LANGUAGE:
ENGLISH, GRADUATE STUDENT

Participant H

MALE, EARLY 30’S, MARRIED, CHINA, SECOND LANGUAGE:
ENGLISH, GRADUATE STUDENT

Participant I

MALE, EARLY 20’S, CHINA, UNMARRIED, SECOND LANGUAGE:
ENGLISH, GRADUATE STUDENT

Participant J

MALE, LATE 20’S, US, CAUCASIAN, UNMARRIED, FIRST LANGUAGE:
ENGLISH, GRADUATE STUDENT

Participant K

FEMALE, MID 20’S, CHINA, UNMARRIED, SECOND LANGUAGE:
ENGLISH, GRADUATE STUDENT

Participant L

MALE, LATE 20’S, US, CAUCASIAN, UNMARRIED FIRST LANGUAGE:
ENGLISH, GRADUATE STUDENT
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Figure 9 USER TESTING QUESTIONNAIRE- LOADING

USER TESTING . VACCINE TRANSPORT CONTAINER.
You are a healthcare or medical worker in a regional hospital in Africa. It is your job
today to load these vaccines into the container to keep them cool then load the payload
into the drone. The drone, with the loaded container, will then be sent to its destination
by the drone pilot. *The balsa wood model is an actual size replica of the drone body.
Q1: How easy was it to hold, open and close the container?
difficult

1

2

3

4

5

easy

Comments?

Q2: How easy was it to (understand how to) load vaccines into the container?
difficult

1

2

3

4

5

easy

Comments?

Q3: How easy was it to fit and secure the container into the cargo bay?
difficult

1

2

3

4

5

easy

Comments?

Q4: How clearly did you understand that the payload needed to be weighed?
difficult

1

2

3

4

5

easy

Comments?

Q5: How easy was it to weigh?
difficult

1

2

3

4

5

easy

Comments?

Q6: How sure are you that you did everything correctly?
difficult

1

2

3

4

5

easy

Comments?

Q7: Overall, how effective do you feel the design is?
difficult

1

2

3

4

5

easy

Comments?

What other observations do you have about the device and its use? What improvements can be made or considered? (Use the back of the paper)
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Figure 10 PARTICIPANT ANSWERS - LOADING

Question

Totals

Totals

Totals

Totals

1

2

3

4

5

6

7

Totals

P-A
P-B
P-C
P-D
P-E
P-F

Cylinder
5
5
3
3
5
5
5
5
3
3
3
5
24
26

5
5
5
5
4
5
29

5
5
5
5
2
5
27

5
5
5
5
5
5
30

5
5
5
5
2
4
26

5
4
5
5
3
3
25

35
30
35
35
22
30
187

P-A
P-B
P-C
P-D
P-E
P-F

Aerogel
4
5
5
5
5
5
5
5
5
5
5
5
29
30

2
2
4
5
5
4
22

5
5
5
5
1
/
21

3
4
5
5
2
5
24

4
5
5
4
5
5
28

3
3
4
5
4
4
23

26
29
33
34
27
28
177

P-A
P-B
P-C
P-D
P-E
P-F

Modular
4
5
2
3
4
5
2
5
4
3
2
5
18
26

5
2
5
5
4
2
23

5
5
5
5
3
5
28

4
4
5
4
3
2
22

5
5
5
5
4
4
28

4
2
5
5
4
2
22

32
23
34
31
25
22
167

P-A
P-B
P-C
P-D
P-E
P-F

Folding
4
4
4
5
5
5
5
5
2
5
3
3
23
27

3
4
5
5
5
3
25

5
5
5
5
5
3
28

3
5
5
5
5
5
28

4
5
4
5
5
3
26

3
4
5
5
3
3
23

26
32
34
35
30
23
180
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Figure 10 is a recording of the participants’ answers for each question. Each
participant was assigned a letter and is labeled, for example “P- A” or “P-D”.
“P” meaning participant, the following letter being the assigned letter. The
totals on the right of the figure are the total of the scores each participant
gave for each question for each prototype. At the bottom right of each
prototype section is the prototype’s overall score. This score assumes all
tasks/traits are equal in value.
The Cylinder ranked the highest by total score with 187 points, the Folding
second highest with 180 points, the Aerogel third with 177 points and the
Modular last with 167 points.
The totals at the bottom of each column in Figure 10 are the totals each
prototype received by all participants on each task/trait. They are ranked
in Figure 11 by each prototype’s performance on each task or question.
The number following the prototype name is the total value of all six respondents’ answers to that question, taken from Figure 10. This allows a
comparison by trait, task or feature. It also allows us to see how much better performing one model is over another by task or feature. For example,
Question 3 asks ”How easy was it to weigh?” The trait score illicited by this
question is the prototype’s allowance for simple weighing. These results
are ranked in Figure 11. These totals allow us to see how much better
performing one model is over another by task or feature. According to the
responses to Question 5, the Cylinder and Folding are similarly difficult to
weigh while the modular is far more difficult to weigh than the Cylinder. In
Question 1 the Aerogel is far easier to hold, open and close than the other
three prototypes. When loading the vaccines, Question 4, all four models
performed similarly well.
The totals of each participant’s answer to each question, shown in Figure
9, are important here and also important when a value is added to each
question. The questions will be weighted and the totals from Figure 10 and
Figure 13 will be plugged into Figure 16.
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Figure 11 MODEL PERFORMANCE BY TASK - LOADING

Q1 Hold, open and close the container?
1) Aerogel 29
2) Cylinder 24
3) Folding 23
4) Modular 18

Q5 Ease of weighing?
1) Cylinder 30
2) Folding 28
3) Aerogel 24
4) Modular 22

Q2 Load vaccines into the container?
1) Aerogel 30
2) Folding 27
3) Cylinder and Modular 26

Q6 Certainty user completed operation correctly
1) Aerogel & Modular 28
2) Cylinder and Folding 26

Q3 Fit and secure the container into the cargo bay?
1) Cylinder 29
Q7 How effective is the design overall?
2) Folding 25
1) Cylinder 25
3) Modular 23
2) Aerogel and Folding 23
4) Aerogel 22
3) Modular 22
Q4 Clarity of weighing instructions?
1) Modular & Folding 28
2) Cylinder 27
3) Aerogel 21 (one unanswered)
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USER TESTING : SECOND SET : UNLOADING
It can be assumed that the local healthcare administrators are trained to:
arrive at a specified location on a specific date and time, access the refrigerated vaccines from refrigerated storage or remove vaccines from a courier bag containing conditioned ice packs that have recently arrived from
a regional facility via motor, bike or motorbike courier on a specified day.
It can be assumed that they are trained to remove the vaccines from that
bag and move them to the local facility refrigerator. It can be assumed that
the healthcare worker is trained to prepare the vaccines for administration,
whether the vaccines arrived in a liquid state or whether they were lyophilized requiring that they be mixed or reconstituted with their accompanying liquid.
Although the hope is that the local healthcare worker will also receive training on loading and unloading the container, the reality is that they are less
likely to receive any formal training, refresher training or support on its use.
Therefore, it is more critical at the local level that the containers’ design be
simple and easy to understand. The hope is that the vaccines will be delivered, the local worker will open and unload the container, the vaccines
will be loaded into a local refrigerator and the container will be closed and
returned to the drone cavity. The drone will be piloted back to the regional
facility.
It is more likely here than at the regional level that the local healthcare
worker receives this delivery with little or no instruction. Therefore, an attempt was made to hide the loading process from the participants and have
them unload the container with no instructions other than to put the vaccine contents in the refrigerator.
The second set of participants were not shown how to load or unload the
container. It would be best if they were unable to witness the loading,
which was achieved in some cases. They were, however, in the same room,
so the loading was at times difficult to hide.
They were asked to fill out a questionnaire. Most participants chose to fill
out all questionnaires after all prototypes had been unloaded. One questionnaire was provided for each of the four prototypes. The questionnaire
provided to each participant is shown in Figure 12.
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There is a possibility that a healthcare worker on the local level will need to
load the container, especially if biological samples are been picked up and
brought back to a regional facility, but at this stage of our product development we are assuming there is no payload to return.
Figure 12 USER TESTING QUESTIONNAIRE - UNLOADING

USER TESTING . VACCINE TRANSPORT CONTAINER.
You are a healthcare or medical worker in a local hospital. A drone has landed and it is
your job today to unload the vaccines from the container and return the container to the
cavity in the drone. *The balsa wood model is an actual size replica of the drone body
and cavity.
How easy was it to extract and open the container?
difficult

1

2

3

4

5

easy

Comments?

How easy was it to carry to the refrigerator?
difficult

1

2

3

4

5

easy

Comments?

How concerned were you that the contents would be damaged while unloading them
from this container?
difficult

1

2

3

4

5

easy

Comments?

How easy was it to close the container again and return the container to the cargo bay?
difficult

1

2

3

4

5

easy

Comments?
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Figure 13 PARTICIPANT ANSWERS- UNLOADING

Question No.

68

8

9

10

11

Totals

P-G
P-H
P-I
P-J
P-K
P-L
TOTALS

Cylinder
3
5
3
4
3
5
5
5
2
5
2
5
18
29

1
2
/
2
5
5
15

5
3
4
5
3
5
25

14
12
12
17
15
17
87

P-G
P-H
P-I
P-J
P-K
P-L
TOTALS

Aerogel
5
5
4
4
5
5
5
5
5
5
5
5
29
29

5
3
5
5
1
3
22

5
4
5
5
5
5
29

20
15
20
20
16
18
109

P-G
P-H
P-I
P-J
P-K
P-L
TOTALS

Modular
4
5
3
3
4
4
4
5
1
5
4
3
20
25

3
3
3
4
1
2
16

2
2
5
5
5
3
22

14
11
16
18
12
12
83

P-G
P-H
P-I
P-J
P-K
P-L
TOTALS

Folding
3
3
4
4
5
5
4
5
5
5
4
5
25
27

2
5
5
3
3
5
23

3
4
5
5
5
4
18

11
17
20
17
18
18
93

Figure 13 is a recording of the participants’ answers for each question. Each
participant was assigned a letter and is labeled, for example “P- G” or “P-K”.
“P” meaning participant, the following letter being the assigned letter. The
totals on the right of the figure are the total of the scores each participant
gave for each question for each prototype. At the bottom right of each
prototype section is the prototype’s overall score. This score assumes all
tasks/traits are equal in value.
The Aerogel ranked the highest by total score with 109 points, the Folding,
second highest with 101 points, the Cylinder with 87 points and the Modular last with 83 points.
The totals at the bottom of each column are the totals each prototype received by all participants on each task/trait. For example, Question 3 asks
”How easy was it to weigh?” The trait score illicited by this question is the
prototype’s allowance for simple weighing. These results are ranked in
Figure 14. One prototype can be compared to another by task/trait. This
allows a comparison by trait, task or feature. These totals allow us to see
how much better performing one model is over another by task or feature.
According to the responses to Question 8, the Aerogel is far easier to remove and open than the Cylinder. However, in question 9, our respondents
had similar levels of ease in carrying the container.
In Figure 15, the questions asked of the participants were weighted according to their importance to achieving the design goals. The totals from the
bottoms of the column sections in Figure 13 were plugged into the “Ans”
Answer column and multiplied by the decimal point indicating the assigned
portion of weight. We selected the ratings based first on questions that
addressed design demands and wants. Questions addressing a design “demand” received a higher assigned value than questions addressing a design
“want”. After that, they were assigned a rating that was appropriate to its
perceived importance to the design’s effectiveness. All the weighing values
add up to one; all part of the whole. The “Sub” columns are columns of
subtotals.
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Figure 14 MODEL PERFORMANCE BY TASK - UNLOADING

RANKED PERFORMANCE OF EACH MODEL BY TRAIT/TASK - UNLOADING
Q8 Extracting and Opening
1)
Aerogel 29
2)
Folding 25
3)
Modular 20
4)
Cylinder 18
Q9 Carrying to Refrigerator
1)
Aerogel and Cylinder 29
2)
Folding 27
3)
Modular 25
4)
No answer
Q10 Least concern about damage to contents
1)
Folding 23
2)
Aerogel 22
3)
Modular 16
4)
Cylinder 15
Q11 Ease of closing and returning to cargo bay
1)
Aerogel 29
2)
Cylinder 25
3)
Modular 22
4)
Folding 18
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FIgure 15

WEIGHTED RANKING

CYLINDER
weight answer sub
Q1 Ease of open close
Q2 Ease Load Vaccines
Q3 Ease of placement in cargo bay
Q4 Understand need to weigh
Q5 Ease of weighing
Q6 Certainty done correctly
Q7 Overall effectiveness
Q8 Ease extract and open
Q9 Ease carry to refrigerator
Q10 Concern damage unloading
Q11 Ease close and return
Totals

0.1
0.1
0.1
0.1
0.1
0.075
0.075
0.1
0.075
0.075
0.1
1

4.00
4.33
4.83
4.50
5.00
4.33
4.17
3.00
4.83
2.50
4.17

0.40
0.43
0.48
0.45
0.50
0.33
0.31
0.30
0.36
0.19
0.42
4.17

AEROGEL
answer sub
4.83
5.00
3.67
3.50
4.00
4.67
3.83
4.83
4.83
3.67
4.83

MODULAR
answer sub
0.48
0.50
0.37
0.35
0.40
0.35
0.29
0.48
0.36
0.28
0.48
4.34

3.00
4.33
3.83
4.67
3.67
4.67
3.67
3.33
4.17
2.67
3.67

FOLDING
answer sub
0.30
0.43
0.38
0.47
0.37
0.35
0.28
0.33
0.31
0.20
0.37
3.79

3.83
4.50
4.17
4.67
4.67
4.33
3.83
4.17
4.50
3.83
4.33

0.38
0.45
0.42
0.47
0.47
0.33
0.29
0.42
0.34
0.29
0.43
4.27

Figure 15 adds different values to the questions that were asked participants. Some traits or responses are more important to the overall performance of the design than others. Two weights were used. One weight
was given for questions that directly addressed the design specifications in
Figure 7. These questions are in bold, black or blue text. Another weight
was given to the questions that were not mentioned as a demand or want
in Figure 7. The importance of the questions that did not address design
demands were given a weight of 75% that of the questions addressing the
design demand.
What is not addressed here is performance demands, such as effective
temperature control within the demanded temperature range and cushioning. There are other traits that affect the prototypes’ overall performance
and quality of the design that are not and can not be considered in the user
testing questions.
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First we will look at the overall feedback received for each design. We will
look at each design’s performance positives and performance negatives.
After this review, we will review the rankings.
CYLINDER
There were complaints about any side access design. Of course, the loose
vials created uncertainty about the safety and security of the transportation
of the vials. They seemed more likely to break. Participants seemed to very
much like the way the cylinder handled and fit within the aircraft. It was
explained that they should assume the lid was threaded. The side velcro
pieces were a substitute for threads. One participant did put the container
in upside down, in spite of flat rail legs being placed on one side. The filling
and freezing portion was not tested because the prototypes were not watertight.
Cylinder in summary:
-Nice shape to hold.
-Side access isn’t good, can’t see. Need to turn the container 90 degrees to
see inside.
-Opening is too small, can’t get hand inside.
-Lots of concern about the security of the contents.
AEROGEL
The aerogel seemed to have the fewest issues or suggestions. The top access and wide container participants commented, allowed for movement of
their hands and they could easily see what was happening. The side access
prototypes requiring any reorienting of the container was not as desirable.
Each of the containers was made with a handle. The handles were used for
weighing, but it was observed that they rarely used them for carrying. Most
always, the containers were carried with two hands. Vayu mentioned an
affinity for simple and affordable designs. The Aerogel is simple and may be
affordable.
Aerogel in summary:
-Top access good, very accessible
-Tape closure was flimsy
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MODULAR
The modular design essentially had too many pieces. It was confusing for
people to fit together. Even if the ends were color coded and more intuitive, a simpler design seemed to be desired. The thin wafer like ice packs
also popped out inappropriately. Snap and tension fit items are simply difficult to test on a low fidelity model. It actually needs to snap. The accompanying bag was strictly for weighing. With such a modular piece there wasn’t
a good attachment point for a weighing handle. The bag allowed the entire
container and contents to be weighed. The snug fit made it difficult to get
off and on and if the bag were larger it would occupy a lot of space within
the cargo bay. There are work-arounds with this, but it still seems to be an
aspect that is more complicated with this design. The filling and freezing
portion was not tested. The prototypes were not watertight.
Modular in summary:
-Too many parts, too much room for error
-Weighing bag, not desirable at all
-Heavy
FOLDING
The folding bag did not seem to be a favorite, although the only voiced
complaint was with the buckle being difficult for some to fasten and for one
or two participants the fit into the container was a challenge for them. This
could probably be easily rectified with a smaller bag and more flexible material. This design is both simple and affordable.
Folding in summary:
-Buckle closure too challenging for some.
-Some hesitation on proper folding of fabric sides, though quickly figured
out.
The Modular container is the least able to fulfill the design specifications,
but gave a great deal of insight into the needs of the final design.
In Figure 16 on page 74, a chart was created to loosely assess how well
each of the prototypes meets each of the original design criteria. This is
useful because the human factor questions can not, on their own, answer
the question of, “Which design is the best for these needs at this time.”
Mechanical factors must be introduced and analyzed along with the participants’ responses and feedback.

73

Figure 16 How Prototypes Perform Against the Original Design Specifications
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RANKINGS
Thus far the overall total sum of all respondents’ answers to all questions
about a prototype, with all of the questions weighted equally are:
Aerogel 286 - 4.2% higher than Cylinder 5% higher than Folding
Cylinder 274
Folding 273
Modular 250
When the answers were assigned weighted values:
Aerogel 4.395 - 3.8 % higher than the Folding, 4.7% higher than Cylinder
Folding 4.230
Cylinder 4.191
Modular 3.817
SUMMARY AND RANKING OF THE TESTED PROTOTYPES
Assumming the questions participants were asked accurately extracted
feedback about the the design specification needs and wants. The overall
total sum rankings should indicate the better performing prototype. What
this does not take into account is the mechanical performance-how well the
container keeps the contents within the recommended temperature range.
Aside from the unknown effectiveness of temperature control, the Aerogel,
Folding and Cylinder containers are the closest to meeting the design specifications. Cylinder, Folding and Aerogel are comparably easy to insert and
remove from the container and properly orient. Loading and unloading the
Cylinder was more hazardous to the contents. Although once closed, the
threaded lid provided more security for the contents during transport than
the simple adhesive closure of the Aerogel.
The Modular was the least effective of all the designs. The pieces were difficult to assemble. The bag was difficult to put on the assembly. Modularity
seemed like a positive feature, but ultimately brought complication to the
user.
The Cylinder received complaints that the opening was too small for a hand
to fit inside. The participants opened the aerogel container faster and there
is no need to reorient the Aerogel to view or empty the contents as may
need to be donbe with the Cylinder. Visibility was not a specfic need or want,
but visibility impacts ease of loading and unloading as does the fit of a hand.
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The Cylinder also did not make best use of the aircraft cargo bay space.
Participants were not asked their opinion about this, but best use of space
is something we could measure. We could measure the cubic inches of
the payload cargo bay in proportion to the cubic inches inside the container. The aerogel container, once custom made, would make optimal use of
the cargo bay. The entire Cylinder container would need to be placed in a
freezer to prepare for transport. That takes a lot of space and round is not a
good shape for stacking. It fits nicely inside a human hand, orients well, but
for the reasons above is the third best choice.
The Folding ranks almost identically to the Cylinder in the overall, but above
it when weighted. The Folding has the ability to cushion well, stores relatively flat and is a form that can be easily modified for use with different vehicles. It can be difficult to buckle and with the current material, it weighs
more than the Aerogel. It accomplishes the design goals and more. When
the design specification demands for function are considered, although
there is still a lot of information outstanding, the Folding may be the more
desirable of all the designs.
The Aerogel design outperforms the in the overall usability cumulative score
and then again in the weighted chart. It is easy to access. It will cushion well
with foam inserts, is extremely light weight and can be custom made to fit
the interior cavity of any drone cargo bay. It will stack and store well.
Again, we are making assumptions on the cooling ability of the container
which is a mechanical engineering and thermodynamics focus, but with the
information we have today on the usability and some of the features, either
the Aerogel or the Folding could be selected as the optimal design. The
second and third ranked containers are the Folding then the Cylinder then
Modular last.
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8. WHAT COULD HAVE BEEN DONE DIFFERENTLY
AND FURTHER EXPLORATION
PROTOTYPE TESTING: WHAT COULD HAVE BEEN DONE DIFFERENTLY
If the first test is to provide even better feedback, prototyping should have
started earlier in the process. This is far more critical for the active cooling
prototypes. With the modular prototype, the slender ice ‘wafers’ are to
be loaded into a freezer, frozen and then removed and thawed to a specific
temperature, and finally placed into the container. With the cylinder prototype, the entire container needs to be placed in a freezer. This would affect
the regional healthcare workers’ contact with the containers at a much
earlier stage than where this experiment began.
The insulating prototypes did a fair job of accurately representing their final
use. The feedback given from user testing had value. The active cooling
prototypes were a combination of low and high fidelity elements. These
were not as accurate a representation of how the final product would act
and feel. The actual temperature of the cooling elements were not represented and the water expansion was not tested. The modular container
was designed with snap fits. The tolerances were not accurate when the
3D print was created and the pieces did not snap together at most intersections. The repeated removal and replacement of the foam-modeled ice
packs also affected their fit. The feedback was not as valid on the active
cooling prototypes, because the representation was less accurate than the
passive cooling prototypes.
FURTHER EXPLORATION
The next step would be to gather data on the cooling and insulating abilities. The effectivenes of the container depends upon this. We would test
the temperature within each container for specific periods of time. The
goal is to ascertain if the containers are keeping the contents within the 2C
to 8C temperature window and for how long. We would be determining the
container’s cold life.
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THERMOELECTRIC COOLING
Thermoelectric cooling is still a very viable option for cooling the payload. It
will grow increasingly attractive as the payload size and flight times of drone
aircraft continue to increase. At the moment, the smallest prefabricated
thermoelectric assembly located for this project, the ATA-015-12 from Custom Thermoelectric, weighs 737 grams; roughly that of two conditioned-ice
packs. The ratio of cooling mechanism weight to available payload weight
for this thermoelectric device is high. However thermoelectric cooling eliminates the lengthy ice pack conditioning time, it eliminates the freeze risk
posed by ice packs inserted before they have reached the proper temperature and thermoelectric eliminates freezer space and cost needed to keep
the ice packs.
FEWER CONDITIONED ICE PACKS
Further research needs to be done into determining the reason the WHO
carrying containers use an average of four ice packs, even, the smallest
ones. Is it building an insulating perimeter? Is it to keep the temperature
distribution even? Is it possible to design a container that allows for a single
conditioned ice pack in the center with high insulation around the outer
edges? If this route had been taken for the project, would be using an approved WHO device so could possibly be put to use in the very near future.
PARALLEL EXPLORATION
‘RETURN TRIP’ TEMPERATURE CONTROL
As is shown in the decision map, there are at least two large areas warranting further exploration, which were not pursued within the parameters of
this project. Dr. Robert Breiman, director of the Emory Global Health Institute stated that there is almost no location on earth where “we” are not
able to or are currently distributing vaccines. The methods may be inefficient and time consuming, but there are ways and routes in place to get
them almost anywhere on the planet. What we can’t do, he said, was get
biological samples back to labs as easily. This is where he believes drones
can and will make the biggest difference. The ability to send a drone to pick
up and sample and return it quickly to a lab for diagnosing will be a game
changer. This project focuses on efficiently controlling the temperature on
an outbound container. A phase 2 exploration, or parallel project, using
drones for medical humanitarian purposes, would be to focus on temperature control during a drone return trip. It was taken into light consideration
on this project, but the objective of temperature controlling an outbound
container remained the primary focus.

79

9. REFERENCES
de Oliveira Andrade, Rodrigo. (2013). Flying Aid Drones Tested in Haiti and Dominican
Republic. The Guardian, 2. Retrieved from http://www.theguardian.com
de Oliveira, Rodrigo. (2013). Flying drones tested in Haiti and Dominican Republic. The
Guardian.
Eisenach, Kathleen. (2014). Mycobacteriology Laboratory Manual. Global Laboratory
Initiative.
GlobalLaboratoryInitiative. (2014). Mycobacteriology Laboratory Manual.
Guio, Okayama, Ashino, Saitoh, Xiao, Miki, Yoshihara, Nakanowatari, & Hattori. (2006).
Method for efficient storage and transportation of sputum specimens for
molecular testing of tuberculosis. International Journal of Tuberculosis and Lung
Disease, 10(8), 906-910.
Hickey, Shane. (2014). Humanitarian drones to deliver medical supplies to roadless
areas. The Guardian.
Hlad, Jennifer. (2015). Drones: A Force For Good When Flying in the Face of Disaster.
The Guardian, Humanitarian Response (July 28, 2015). Retrieved from
http://www.theguardian.com
http://mttr.net/. (2018).
http://www.aerogel.org. (2018).
http://www.flyzipline.com. (2018).
http://www.vayu.com. (2018).
Leetaru, Kalev. (2015). How Drones Are Changing Humanitarian Disaster Response.
Forbes, (Forbes Tech). Retrieved from http://www.Forbes.com
Management, USAID Global Health Supply Chain Program : Procurement and Supply.
(2017). Unmanned Aerial Vehicles Landscape Analysis ; Applications in the
Development Context.
Meier, Patrick. (2016). Introducing Nepal Flying Labs. http://www.WeRobotics.org.
Meier, Patrick PHD. (2014). Humanitarians in the Sky: Using UAVs for Disaster Response.
http://www.irevolutions.org, Presentation given at the Remotely Piloted Aircraft
Systems Conference (RPAS 2014).
PATH, World Heath Organizaton and. (2013). Innovative Passive Cooling Options
for Vaccines. OPTIMIZE, Evidence Brief Series(August).
Rick, Cohen. (2014). Humanitarian Aid Delivered by Drones: A New Frontier for NGO’s?
NonProfitQuarterly, 1-3. Retrieved from http://www.nonprofitquarterly.com

80

Rosen, James E. Bancroft Emily, Hasselbeck Leah, Levin Carol, Mvundura Mercy,
Tien Marie. (2012). Last Mile Costs of Public Health Supply Chains in
Developing
Countries: Recommendations for Inclusion in the United Nations OneHealth
Model.
Schrieber, Benjamin, Anupa, G. Lennon, P. (2015). Report on Freeze-Preventive
Passive Conatiner Meeting.
Stewart, Jack. (2017). Zipline launches medical supply drone deliveries in tanzania.
Wired, October.
Survey, U.S. Geological. (2014). Cranes and Drones: Strange Airfellows. http://www.
USGS.gov.
UNHCR-staff. (2016). UNHCR uses drones to help displaced populations in Africa.
UnitedNations. (2013). Recommendations of the Transport of Dangerous Goods
Model Regulations. 1 (18th Revision)
USAIDDeliverProject, Task order 4. (2013). Last mile costs of public health supply
chains in developing countries. April.
VMH-E2-011, WorldHealthOrganization. (July 2015). How to Monitor Temperatures
in the Vaccine Supply Chain. Module VMH-E2-011.
WorldHealthOrganization. Mycobacteriology Laboratory Manual.
WorldHealthOrganization. (2003). Communicable Disease Toolkit Iraq Crisis 8.
Guidelines for collection of specimens for laboratory testing.
WorldHealthOrganization. (2005). Manual on the management, maintenance and
use of blood cold chain equipment : Safe blood and blood products.
WorldHealthOrganization. (2006). Temperature Sensitivity of Vaccines.
WorldHealthOrganization. (2015). Guidance on regulations for the transport of
infectious substances 2015-2016. WHO/HSE/GCR/2015.2.
WorldHealthOrganization. (2015b). The Vaccine Cold Chain. Module 2.
WorldHealthOrganization : Department of Immunization, Vaccines and Biologicals.
(2006). Temperature Sensitivity of Vaccines. Documents.
WorldHealthOrganization, IVB15.03. (2015 ). How to Use Passive Containers and
Coolant-Packs for Vaccine Transport and Outreach Operations. WHO Vaccine
Management Handbook, WHO/IVB/15.03(Module VMH-E7-02.1).
WorldHealthOrganization, IVB/11.08. (December 2015). WHOPQSD Devices
Catalogue. Performance Quality Safety Devices Catalogue : Pre Qualified
Equipment for the Expanded Programme on Immunization, WHO/IVB/11.08
English Only : General District(Version 15), 2, 147-(153)-164
WorldHealthOrganizationGeneva. (2005). Safe Blood and Blood Products: Manual
On The Management, Maintenance, and Use of Blood Cold Chain
Equipment. ISBN 92 4 154673 5, 9-11.
Yackowicz, Will. (2016). <These Super-Fast Drones Could Soon Be Saving Thousands
of Lives.pdf>. Inc.com.

81

