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Abstract 

In the healthcare system when a patient is waiting for a donated heart, the choice 

of the transportation method is critical. Thus, the efficiency of this procedure 

relies on the traveling time, which could affect the ischemic time, which is the 

time that heart can be discharged outside the human body. For best patient 

outcome, the heart has to be transplanted within four hours from the donor to the 

recipient. By transporting the donated heart via Unmanned Aerial Vehicle 

(UAV, or drone), both the time and the cost required for the heart transportation 

will be minimized. This thesis intends to explore the specifications needed for 

the design and manufacture of a heart container and pick-up system for a drone, 

which will be able to transport a donated heart between hospitals. 

 

Keywords: Drone heart container, Ischemic time, Organ, Transplantation. 
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Sammanfattning 

Att välja en effektiv och säker metod för att transportera donerade organ är ett 

viktigt moment i hälso-och sjukvården. Tiden då organet kan vara i köldischemi 

är begränsad vilket innebär att tiden för transport av organet bör vara så 

tidseffektiv som möjligt. Ett människohjärta måste transplanteras inom fyra 

timmar från donator till mottagare. Genom att transportera donerade hjärtan via 

obemannade luftfarkoster, även kallade drönare (UAV), skulle man kunna 

minska transportkostnader vid transplantation och viktigast, minska 

transporttiden. Hittills har detta transportalternativ ännu inte beprövats. Syftet 

med denna uppsats är att utforska de designspecifikationer som skulle krävas för 

att skapa och producera en behållare för ett donerat hjärta som kan användas för 

transport via drönare. Uppsatsen kommer även att presentera de mest 

fördelaktiga designspecifikationerna för lyftok och haksystem till drönaren. Som 

ett resultat av de studien, ges en klar bild av hur de optimala 

designspecifikationerna för en hjärtbehållare till drönare med 

standardanslutning bör utformas.  
 

Nyckelord: Drönare, Hjärtbehållare, Köldischemi, Organ, Transplantation 
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 Introduction 

The transportation of donated organs includes a segment of traffic. This segment 

involves a time frame which may have beneficial or devastating consequences to a 

patient's health. To wait for a donated heart is often a time-sensitive procedure which 

is the reason why the speedy transportation process of a donated organ can significantly 

improve the chances of a patient's survival (1). Even so, to transplant a donated heart 

has many times been described as a "race against time" (1). A donated heart's health 

will deteriorate in such a manner that it is no longer useful for the recipient if the 

transportation time exceeds the time limit of four hours (2). The efficiency of the 

process can be affected by the cold ischemic time that the heart is outside the body in 

such a way that if more than four hours pass, the heart may suffer severe and even fatal 

injuries to its vital functions (2).   

the procedure of transplanting organs can be influenced by many different factors along 

the way, in particular when it comes to the transportation part of the process. Studies 

have shown that many available organs for donation cannot be transplanted into the 

patient in need because of long distances between the donator and the recipient (3). 

Due to long distances between hospitals, the available donated hearts cannot reach the 

recipient due to the prolonged transportation time (1). 

Experts claim that both efficiency and a high level of service are pivotal elements of 

the transplantation process (4). Mainly due to the fact that the transportation of donated 

organs as of today is highly inefficient, the statistics show that an estimated twenty 

people die each day in the United States of America (USA), while waiting for their 

organ to arrive on time (3).  

The transportation time of an organ is therefore of great importance since its efficiency 

can help preserve the heart's health and protect it from devastating injuries (1). In 

today's society, organ transportation is conducted via road and air vehicles (5). The use 

of cars, such as ambulances, is utilized as the primary transportation system for organ 

transplants. While roads in some geographical areas might be an excellent means of 

transportation, it has been proven problematic in many ways (1). One prime factor 

causing the problem is the increase of road traffic worldwide, hindering vehicles to 

make it through in fast enough time to its destination. Regarding air vehicles, 
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helicopters and other air vehicles have been successfully used as a means of 

transportation of donated organs. However, their success is mainly due to lack of 

circumstances. Since the procedure of transporting organs via air, for example, a 

helicopter, involves multi-mode transport to get the hearts to the helicopter, the 

segment of road traffic is not eliminated with this method. further, an air vehicle has to 

be available on short notice when using this method, which many times may create 

complications (5).   

Due to heart disorders, queuing and a long waiting list, 35% of the death rate in Sweden 

for both male and female are caused by cardiovascular problems (6). An estimated 

5000 heart transplantations are being conducted each year, worldwide (7). One of the 

main contributing for this large number of heart transplant is that the period of 

transporting the donated heart to the recipient has decreased which will improve the 

healthcare system (7). Furthermore, the timeframe of a transplantation process is, as 

mentioned above, calculated in regards the ischemic time which in turn influences on 

the transplanted heart's health. Generally, a transplanted heart which is up for donation 

to a human body needs to be provided with oxygen in order to avoid damage (7).   

The development of new sort of vehicle that can fly and navigate through the air is 

beneficial to the organ donation procedure. One of these developments is a reasonably 

new to the market, an Unmanned Aerial Vehicle (UAV), usually referred to as drone. 

Possible benefits of transporting organs via drones could be the safety of the organ, 

cost-efficiency, physical health of the organ and most importantly, time-efficiency.  

The scientific community has already observed the application of drone transportation 

within different branches of health care. This includes distribution of medical supplies 

to restricted areas of the world, distribution of test samples in the regions that are 

affected by contagion and also the distribution of blood samples (8). Since we have 

already seen a fairly vast use of drone transportation regarding other areas of the 

healthcare industry, one might wonder why the use of drones has not been implemented 

when it comes to organ transportation. In Theory transporting organs via drone traffic 

should increase the safety of the organ since it would avoid dangers of road traffic. 

Drones can be more effective than other air vehicles such as helicopters and airplanes 

which are currently the only air vehicles used for organ transports. Ultimately, the use 

of the drone to transport organs could, therefore, decrease the number of patients on 
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the waiting list (9). Additionally, drone traffic is both cheaper and includes a larger 

geographical range than all the other means of transportation specified (10).   

 

This project will study the development of the optimal design for a heart container and 

select the desired specification for the optimal design of a drone heart container with 

standard connection to a drone by which a donated heart might be transported from 

a donor to a recipient efficiently. Consequently, the research will identify the most 

critical elements to take into consideration when it comes to estimating the optimal 

design for a drone heart container, connected to a standard docking system. 
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 The Logistic of Organs   

 Organ Transportation  

Various logistical issues have shown to influence ischemic time. An example of this 

influence is the choice of transportation when it comes to organ transplantation. 

Regarding the heart transplantations, the transportation phase can easily affect the 

transplant success (7). A donated heart is always destined to be transported to where 

the patient recipient is waiting (1). Most means of transportation are constructed in a 

way a that makes them resistant to different weather conditions at the same time as 

they must meet the safety requirements that are needed to preserve the health of the 

organ (5). Currently, the inefficiency of organ transportation leads to the conclusion 

that there is no existing, ideal, way of getting a heart from the donor to the recipient. 

This is mainly due to the fact that the transportation time needs to be within the 

ischemic time. If it is not in line, the transplantation is of great risk of failure since 

such an overlap in time is susceptible to injure the heart's health, ultimately making it 

impossible to implant into the recipient. As mentioned, the transportation of the 

transplanted organ has a significant effect on the transplantation process itself. The 

component of paramount importance is the transportation being as time-efficient as 

possible, something which may be achieved via drone traffic. It is also important to 

state that with today's means of transportation, there is a high element of 

unpredictability. It is, as of now, not possible to estimate an exact time when an organ 

will arrive to the recipient considering the unpredictability and potential problems with 

today's system of transporting organs (12). Furthermore, it is even more difficult to 

estimate when a donating patient will become available, making it impossible to 

schedule transportation, with today's options, at on the exact time. 

 Road Vehicles 

In the introduction, it was discussed that both road and air traffic serve as the most 

common means of transportation methods for transplanted organs in today's healthcare 

system. One might wonder how useful these transportation methods have been 

considering when it comes to efficient patient health care. Surprisingly enough, the 

world's megacities use road vehicles as the main way of transporting organs (13). One 
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might wonder whether the use of road transportation in big cities, that contain a large 

amount of traffic, is scientifically proven to be sufficiently safe and effective in order 

to deliver healthy organs to patients (1). Through political decisions, there have been 

initiatives to improve the road traffic transportation of donated organs, one of which 

includes the implementation of so called "green corridors" in road traffic. "Green 

corridors" means that policemen and other authorities can manipulate the traffic by 

making the lights green for them specifically while simultaneously keeping drivers to 

the roadside. This enables organ transports to move quickly through heavily trafficked 

areas. In some countries, green corridors cannot be excluded if road traffic is even to 

be considered (1). Green corridors have helped to alleviate the most serious alarming 

consequences of inefficient organ transport, especially in highly-populated countries 

such as India (1). However, green corridors cannot be considered to serve as an idea 

making road traffic as an optimal solution for organ transportation, mainly because the 

risk of a traffic accident still remains. One must also consider that although the green 

corridors provide a free zone in some areas to drive through, they do not exclude the 

elements of heavy traffic and long distances (1). 

 Air Bound Vehicles 

Regarding the transportation of organs over long distances, air bound vehicles are the 

most used means of organ transportation. Also, when it comes to complicated 

geographical areas, such as mountainous areas, air vehicles are used. Although air 

vehicles move faster than road vehicles, a significant amount of time planning is 

needed in order to coordinate such a transport procedure. The critical nature of it, is 

that it requires multimode transport, which entails road vehicle transportation to a 

helipad and/or transportation to a runway. Air bound vehicles, therefore, include 

complicated operations with different necessary logistical features (14). The writer has 

discussed how unpredictable the exact time of the death of a donating person can be, 

which makes it challenging to plan air vehicle transportation in advance. Air vehicles 

have to be available for transport on short notice in order not jeopardize the very 

critical time frame of the process (5). The scarcity of time is even more complicated 

with a multimodal transport procedure, which in turn increases the level of uncertainty 

(5). The transportation system in Turkey, for example, offers a limited amount of air 

vehicles for organ transportation, which has been seen to jeopardize the scarce 
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ischemic time frame of four hours significantly. Due to the fact that air vehicles are 

not accessible in these particular countries’ experts are bound to turn to road traffic 

instead, when transporting donated organs. Road traffic being the riskier and less time-

efficient means of transportation is currently the primary or more common means of 

organ transportation. In Turkey, the private companies or the military service are 

usually in charge of facilitating the transports of organs (16). This is a result of the 

shortage of significant financial aid to organ donor institutes, which is the primary 

reason why Turkey has limited access to air vehicle transportation of organs (16). 

 Drones  

Unmanned Aerial Vehicles (UAV), usually referred to as drones, are a particular type 

of air vehicle which has grown dramatically in popularity over the last years. Its vast 

majority of users are due to its technological ability to move quickly and its simplicity 

of use (15). The drone is either navigated by the help of an operator on the ground or 

autonomously by an inbuilt navigation system in the drone. When the drone flies 

independently without a pilot onboard on the vehicle, it requires a control system (17). 

The drone usually operates under a GPS-system in order to maintain the connection 

with its controller. The GPS functions as a transmitter between the drone and its 

control system. As an example, one might wire the drone to an autopilot system which 

in turn transmits its longitude and latitude via GPS (18). Wi-Fi networks have recently 

been shown to provide an accurate coordinate for the drone. Wi-fi can, therefore, 

replace the GPS as an alternative transmission option, which might be beneficial 

considering the fact that Wi-Fi does inherit the capacity to transmit more massive 

quantities of information in comparison to the possibility of GPS transmission (19).  

 
Figure 1: Concept for a Medical Drone (7) 
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Drones vary significantly in size and shape since they need to be customized in order 

to fit their duties. Battery size determines the flying time of a drone, as well as petrol 

access (22). In cases where a drone has the ability to generate power on its own, its 

price might escalate, and its power output can also negatively influence the range of 

its flying time (22). 

2.3.1.1 Usage of Drones  

Examples of customized drones are photography drones, monitoring drones and 

delivery drones. (20). In other areas of logistics, it should be mentioned that 

transportation companies such as DHL and Amazon are currently using drones in 

order to provide a more cost- and time-efficient transportation system. By monitoring 

their drones, DHL and Amazon can ensure that their transportation goods arrived at 

the designated destination point (21).  

2.3.1.2 Drones in the Healthcare 

In the introduction, it was discussed by the author that the healthcare system is 

already implementing the use of drones in the distribution and transportation of 

medical supplies and (15) to areas of disaster where access is restricted, safe transport 

of patient test samples in regions of contagion and deliver blood samples were desired 

(6). Drones have the capacity of transporting vaccines, blood donations, serum for 

snake bites, birth control and various other types of medical supplies. The act of 

transporting goods via drone traffic facilitates access to deserted or distant areas 

which in many cases could mean the difference between life and death. Drone traffic 

can also help in transporting medication between hospitals as well as in transporting 

blood between different hospitals or departments at hospitals. Furthermore, drone 

traffic can improve the daily life of elderly patients by providing them tools. The 

various opportunities provided by the operation of UAS may be the subject of saving 

the health care system both money and lives. As of now, the current record for 

delivery distance of medical drones has been achieved by researchers at Johns 

Hopkins University. The record-achieving accomplishment constituted the 

transportation of human blood samples for a distance of 161 miles through the 

Arizona desert. Although transported through a desert, the drone was reported as 

having maintained its temperature control via its on-board payload system which 
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ensured that the samples arrived at their destination viable for laboratory analysis 

(43). 

 
Figure 2:  Transport container designed by Johns Hopkins researchers is packed with blood test tubes (43). 

Delivery drones have also served a very vital role in transporting defibrillators that 

have saved peoples' lives while they were suffering from cardiac arrest.  

In this specific example a drone with a defibrillator can be, on average, 10 minutes 

faster than ordinary emergency services (42). 
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 Specifications for Heart Container  

The following specifications are considered for the design of the drone heart 

container.  

 Body Material 
Light weight and strength are the important requirements that have to be considered 

while creating a drone container. Plastic is not the only material that can be used for 

this purpose. The following materials are considered for the optimal design of a drone 

container because of their light weight and strength. Both materials are resilient against 

cracking, suitable for flight and resistant to weather factors (27).  

 CFRP aluminum CFRP honeycomb 

The aerospace industry is currently using carbon fiber-reinforced plastic (CFRP) 

aluminum CFRP honeycomb for construction Satellites (26). 

Choosing aluminum honeycomb cores and CFRP skins while considering lightweight 

CFRP electric vehicle specifications (subjected to lateral bending load) is something 

that has not been done before to build a drone container. Since these considerations 

are somewhat new to aerospace engineering, their application needs further 

investigation regarding bending response of lightweight composites (26). The unique 

nature of this application considering impact and of course manufacturing costs in the 

potentially limited production series of a drone-container. 

Proven as a sufficient energy absorbing material, the CFRP is widely used in various 

industrial applications specially with the Aerospace industry. The CFRP’s core 

consists of honeycomb has performed well in tests of efficiency when it comes to 

energy absorption. The honeycomb is, in essence, a “sandwich structure” which has 

been widely used within engineering applications in the aerospace industry (26). 

Whilst this sandwich material has been rigorously tested, studies regarding sandwich 

panels with CFRP skins are limited. In Figure 8, one can see a CAD model prototype 

of sandwich panels, made out of aluminum honeycomb core and CFRP skins (26). 
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Figure 3: CFRP aluminum CFRP honeycomb (28) 

 Fiber-Metal Laminates 

The fiber-metal laminated is one main structural material used for aircraft (25). The 

past decades have shown an increased demand for high-performance aircraft, 

including lightweight structures that exhibit a strong tendency towards fiber-metal 

laminates (FMLs) (27). Therefore, this material could fit the requirements to build 

drone container. 

The fiber-metal laminates are built up from interlacing layers of thin metals and fiber 

reinforced adhesives, making them a hybrid composite of different materials (27). Of 

all fiber metal laminates, CARALL (Carbon Reinforced Aluminum Laminate), 

consisting of carbon fibers, Figure 9, GLARE (Glass Reinforced Aluminum 

Laminate), constructed from high strength glass fibers and ARALL (Aramid 

Reinforced Aluminum Laminate), which is created by aramid fibers, are the 

predominant ones on the market. The most recurrent fiber metal laminates in the 

market are the dual nature of the FML’s – resulting in the offering of numerous 

advantages (27). For example, this quality provides improved damage tolerance to 

fatigue crack growth and impact damage, especially for aircraft applications. 

 

 
Figure 4: Fiber-Metal Laminates (27) 
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 Pickup System 
The pickup system connected to different drones if the pickup system was designed 

according to the same universal standard.  In some cases, the heart must be transported 

long distances with a battery life that may not allow it to travel so far. In order to enable 

the drone to carry the different containers from place to place, including multiple drop-

offs and pick-ups by subsequent drones or different containers, a standardized system 

is needed. Furthermore, those pickup systems can be manually attached or 

automatically attached. 

A hook is curved metal and used to pull or hold something, and there are different 

types of hooking. Essentially, in this project, the hooking system will be the connection 

between the drone and the container. There are variations of these connections on the 

current market such as the Bromma Spreader concept, which uses standard hooks to 

lift commercial 40 feet (23).  

 
Figure 5: Bromma Spreader concept (23) 

The 3R Reference Pallet concept, uses a 50 x 50 mm modular system in the machine 

tool industry (24). These pickup systems, although using standard concepts, have 

different features. For instance, they can be manually or automatically actuated (24).  

 
Figure 6:  3R Reference Pallet concept (24) 
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 Heart Preservation Techniques 
A heart transplant can be performed on a patient having various types of life-threatening 

heart problems. Damaged or diseased hearts can be replaced with a donor’s healthy heart. 

The donated heart can be obtained from a patient with brain death whose family has 

accepted to donate their organs (28). The adult heart, which ranges from 250-350 grams 

(9-12 oz) in weight, measures approximately12 cm (5 in) in length, 8 cm (3,5 in) in width 

and 6 cm in thickness and can be resembled the size of a fist (29). The preservation is not 

the only cause of heart health problems in donated hearts; careful selection of donor's 

hearts is mandated (30). The following techniques are the most popular usage. 

 Static Cold Storage (SCS) 

Normally, the heart which is up for donation will be preserved in a solution, static 

cold storage (SCS) (32). This storage preserves a heart in order to facilitate its 

transplantation to the recipient. In order to maintain the heart efficiently, a number of 

techniques are employed. A preservation technique must be applied whenever the 

heart is obtained from the donor's body (32). The liquid contains Euro-Collins, 

nutrients, and molecules which protects the heart from being affected by the ischemic 

time and at a temperature cooled to 4 ◦C. 

 Normothermic Ex Vivo Perfusion 

The NEVP is another preservation technique which will give the heart the ability to 

keep beating and to be preserved in a warm perfused oxygenated state while 

transferring the heart between patients (34). One of the disadvantages of NEVP is the 

high cost and the weight in comparison to the cold storage technique (35). The 

NEVP’s clinical significance is still under debate (36). One of Food and Drug 

Administration (FDA) biggest concerns is the risk for improvement of myocardial 

edema, which grows with the use of this technique. However, a large number of 

machine perfusion for human hearts are under research, proving that science is 

currently working on the development of this technique (37). NEVP machines that 

are used to perfuse the heart are heavyweight. The process of employing the NEVP 

technique makes it possible to transport a donated heart for a longer period of time. 

The NEVP technique does so by diminishing the ischemic damage to the heart whilst 

it is being transported. The named technique is very helpful when it comes to moving 
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a donated heart for an extended time period. Currently, there is a portable profusion 

system, and it might be a good idea to make a collaboration with the company to 

design a drone heart container with a portable profusion system (38). 

 Control System 
In case of a targeted drone container cracking or detaching itself from the drone, the 

system needs to be supplied with one important specification. This specification entails 

a tracking system which enables a control system to identify the coordinates of the 

container via GPS. This ensures that the drone has continuous physical control of the 

container and it also ensures a relocation of the container in the event of it being lost 

from the drone. The drone itself must be tracked by GPS (40). The main reason for the 

use of GPS in this sense is that it can identify the drone's precise goal destination and 

target as well as to program it to return to its home base automatically (41). 

 Weather Impact 
The way in which the drone transports itself is externally affected by different 

elements, such as weather conditions. A drone container's shape is designed in order 

to resist changes of weather that might, for example, shake the drone. When it comes 

to how the weather influences the transportation course of the drone, the wind is one 

of the most critical factors that can pivot and disturb the drone's journey. Extremely 

hot temperatures, as well as extremely low temperatures, are also factors that typically 

may affect the drone's flight. Drones have also been seen to be affected in its battery 

performance when it comes to extreme temperatures. Furthermore, snow, rain, and 

humid air may influence how well the drone can perform its flying duties. Accidents 

and occasional failures of drones have been seen due to extreme weather conditions 

(39). Therefore, the specifications for the design of a drone container play an important 

role; its shape and size will confront the weather conditions. Especially when it comes 

to encountering strong winds, the design plays an important role. Since a 

disadvantageous design might slow down the speed of the drone, making it inefficient 

as a possible means of organ transportation. 
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Chapter 4  

Methodology  
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 Methodology 

There are many appropriate research methodologies for the engineering design. 

However, in this project the methodology is based on V Model “waterfall”. This 

methodology will allow the researcher to develop an optimal design for a drone heart 

container which can be used for a future phase of testing, including the prototyping as 

well as the unit testing. The V Model is a classical software engineering which will 

represent various stages of developing the optimal design for the heart container 

processing lifecycle (11). The V Model consist several non-overlapping stages and 

serves as baseline for many other lifecycle models. This model emphasizes planning in 

early stages, which catches design flaws before they develop. 

 

The V Model Disadvantages 

The following disadvantages can be observed regarding the V Model;  

1. Prior to commencing the design, its requirements must be presented. 

2. Between stages there is no overlap. 

3. The method prohibits the return to an earlier stage, since this would entail costly 

rework. 

4. The project's results cannot be seen until late in the process, meaning that the actual 

work development occurs late.  

5. The method is lastly not preferable in long-duration projects since those usually 

undergo changes in their requirements. 

 

The V Model Advantages 

The following advantages can be observed regarding the V Model; 

1. Its implementation is not complicated as well as the understanding of it. 

2. It has widespread recognition. 

3. In projects where the requirements are well understood, it works well. 

4. Its stages are clearly defined. 
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The following graph will demonstrate how to develop the optimal design for the heart 

container. 
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 First Stage of Developing Optimal Heart Container  
The first stage will clarify the requirements for the optimal heart container. The writer 

has acquired scientific information regarding the requirements for specifications 

through two interviews with engineers and analysis with thematic analysis within this 

particular work field, as well as with surgeons. As a reference, scientific research 

literature was obtained via academic sources from search engines and databases. 

Search engines that are used include reSearch, Primo, Google Scholar, and LUB 

search. Scientific research literature has been used to develop a scientifically safe range 

of specifications for a heart container, from the perspective of the donated heart's 

health.  

 Second Stage  
The second stage will demonstrate the different alternatives of specifications for the 

heart containers including the body material, pick up system, heart preservation 

Techniques, control system and shape. The information was found through the analysis 

of scientific research literature, obtained via academic sources from search engines 

and databases. Search engines that are used include reSearch, Primo, Google Scholar, 

and LUB search. 

 Third Stage 
The third stage is an essential part of the methodology which included three parts of 

the development process including the result of the optimal design for the heart 

container. 

 First Part  

The first part will specify the needs of transportation within this segment of the market 

in the healthcare industry. The writer will illustrate whether there is a mismatch 

between the demands on the market for efficient organ transportation and the existing 

solutions that there are in today's market. When exploring the needs and the mismatch, 

literature surveys have served as the basis for investigation.  

 Second Part  

The second part of this stage will explain an important part where the writer will 

conduct two rounds of interviews in order to establish the desired specification for the 
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optimal design of a drone heart container. Furthermore, in this part the writer will 

explain how the evaluation for the first and second round was done. The evaluation 

was based on a spreadsheet crated by Excel and designed in order to evaluate the 

experts’ answers.  

The two rounds will help to develop the optimal design for the container through 

consulting expertise from the branch segment of the research area of the first-round 

and select the desired specification for the optimal design of a drone heart container 

as per the final evaluation of the second-round results. Since there is no existing drone 

heart container, the first round of interviews will be conducted in order to develop a 

better understanding of desired specification for the optimal design of the container. 

The second round will help to evaluate and select the desired specification for the 

optimal design of a drone heart container. 

The interview questions for the first round will be prepared through discussion with 

engineer and investigations of medical literature. This can be found in  Appendix A. 

The interview questions for the second round will be developed based on the experts’ 

comments from the first round. 

The questionnaire will be sent to different experts in different areas. However, the 

interviewee can only answer the questions that are related to his/her areas of 

knowledge. For instance, surgeons do not have to answer questions that are related to 

engineering or drone. 

Experts included, but are not limited to are; medical engineers, drone designers, and 

surgeons. More specifically – the experts drone specialties, surgeons, and transplant 

coordinators and engineers in aerospace. The researcher acquired all experts either 

through LinkedIn connections or as a referral to the researcher by a connection who 

is a consultee in engineering design. The interviews were conducted via Skype, face 

to face meeting, or emails. These interviews helped to evaluate the different 

suggestions for the specifications of the heart container along with the pickup system. 

 Third Part  

The third part of this stage will also demonstrate the results and the selection of the 

desired specification for the optimal design of a drone heart container with the 

standard pick up system, according to the experts' answers. See Appendix B.2 Excel 

sheets for the second-round interview questions.  
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 The Dimensions for The New Development 

In this chapter the writer will explain the requirements for the optimal heart container 

and will clarify the different alternatives of specifications for the heart containers 

including the body material, pick up system, heart perseveration techniques, control 

system and shape. Finally, the researcher will demonstrate the result of the optimal 

design for the heart container.  

 First Stage of Developing Optimal Heart Container  
This first stage will clarify the requirements for the optimal heart container. 

1. Transport the heart within 4 hours  

The efficiency of the process can be affected by the cold ischemic time that the 

heart is outside the body in such a way that if more than four hours pass, the heart 

may suffer severe and even fatal injuries to its vital functions (2).   

2. Cold storage for the heart at 4 °C 

One of the most challenging areas in organ donation is to maintain cold storage of the 

heart (31). The usage of cold ischemic storage at 4 °C has been employed as the most 

widely used technique for preserving the retrieved heart, immediately upon procuring 

the allograft and until the implantation in the recipient (30).  

3. High protection for heart 

Due to the heart’s cardiac muscle, which is highly sensitive to hypoxic injury, the 

serious perioperative consequences of inadequate preservation may lead to poor early 

graft function with associated high morbidities and mortalities. Thus, one for the 

important consideration is a high protection for the cardiac muscle of the heart 

while transporting it with a drone heart container. (30) 

4. A standard docking system while picking up and dropping off the heart container. 

In situations where the heart has to be transported for larger distances, with a 

battery life that may not be able to travel the length of those distances developing 

a method and subsequently a standard. Thus, allowing the drone to transport the 

different containers for longer distances including multiple drop-offs and pick-ups 

by subsequent drones or different containers. 
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 Second Stage: Considered Different Alternatives of 

Specifications for The Design of The Heart Container  
The second part will clarify the different alternatives of specifications for the heart 

container with a standard connection to a drone. The following Table 1 contains 

different alternatives of specifications for the optimal designs of the drone heart 

container. Different alternatives of specifications were found by the writer. The 

alternatives presented in Table 1 were collected through investigation of literature 

studies developed by engineers, surgeons and drone specialists. Table 1 serves as a 

foundation for the continued research, conducted by two interview rounds. The study 

is limited, which is why the research could not include an unlimited number of 

alternatives. The alternatives shown in Table 1 were chosen in accordance to scientific 

literature.   
Table 1: Different alternatives of specifications for the heart container with a standard connection to a drone 

Specification Alternatives 

Material 

 

1. Aluminum & Honeycomb 

2. Fiber-Metal Laminates. 

3. Plastic (PVC). 

Hooking system 1. Bromma Spreader concept 

2. 3R Reference Pallet concept 

3. Screw concept 

Pickup system 1. Manual & Auto attach 

2. Auto attach 

3. Manual 

Heart preserving 

technique 

1. ICE 

2. SCS 

3. Portable Perfusion System 

Shape 1. Heart-shaped 

2. Ovoid 

3. Square 

GPS + Thermometer 

+ LCD Display 

Yes 

 

Dimensions in (cm) Using SCS System  

20 x 20 x 20 
Using Portable Perfusion System  

40 x 40 x 40 
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 Third Stage:  

This part will include three parts for the development process. Specify the needs, the 

evaluation of the first and second round of interviews including the data analysis, and 

the results – The result of the optimal design for the heart container. 

 First Part: Mismatch  

The first part will specify the needs of transportation within this segment of the market 

in the healthcare industry. The writer will illustrate whether there is a connection 

between the demands on the market for efficient organ transportation and the existing 

solutions in today's market. When exploring the needs and the connections, literature 

surveys have served as the basis for investigation. 

The proceeding part of this project will explore whether long-distance traffic between 

hospitals in Sweden have hindered donated hearts to be successfully implanted into 

recipients. Graphs that demonstrate the time difference between different means of 

transportation will be shown. Dark blue columns represent road vehicle traffic time, 

light blue columns represent air vehicle traffic times, and the red line represents the 

maximum time allowed for organ transportation (ischemic time). All columns are 

hours.  

The traveling time to transport a heart in Sweden between hospitals using the road 

and air vehicles was calculated by measuring the distance between the hospitals using 

an online tool (20).   

From the analysis of the heart transplantation operational procedure, and according to 

the literature review, the heart can be transported efficiently without any risk if the 

transportation time is approximately two hours.  

For the aim of this project, three hospitals were chosen in Sweden. These hospitals 

were chosen due to their reputation and size and it was assumed that the three hospitals 

performed organ transplantation in Sweden for the purpose of the project.  
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Figure 8: The transportation time from Karolinska hospital, Stockholm to Skånes hospital, Lund. 

 
Figure 9: The transportation time from Karolinska hospital, Stockholm to Sunderby hospital, Luleå 

 
Figure 10: The transportation time from Sunderby hospital, Luleå to Skånes hospital, Lund  

6,67

1,05

0,00

1,00

2,00

3,00

4,00

5,00

6,00

7,00

8,00
De

liv
er

y 
Ti

m
e/

H

From Karolinska hospital, Stockholm to Skånes 
hospital, Lund 

Road Bound Vehicles Air Bound Vehicles
Ischemic time (allowed 
time to transport) 

11,28

1,20

0,00

2,00

4,00

6,00

8,00

10,00

12,00

De
liv

er
y 

Ti
m

e/
H

From Karolinska hospital, Stockholm to Sunderby 
hospital, Luleå

Road Bound Vehicles Air Bound VehiclesIschemic time (allowed 
time to transport) 

18,13

1,55

0,00

5,00

10,00

15,00

20,00

De
liv

er
y 

Ti
m

e/
H

From Sunderby hospital, Luleå to Skånes hospital, 
Lund 

Road Bound Vehicles Air Bound Vehicles
Ischemic time (allowed time 
to transport) 



 36 

 Second Part: Interviews and Evaluation 

The second part in this stage, will explain how writer conducted the two rounds of 

interviews in order to establish the desired specification for the optimal design of a 

drone heart container. Conducting two-rounds of interviews is a way of achieving 

consensus among different experts. This part the writer will explain how the 

evaluation for the first and second round was done. The evaluation was based on a 

spreadsheet crated by Excel and designed in order to evaluate the experts’ answers.  

5.3.2.1 First Round of Interviews  

The interview questions were prepared through the discussion of engineer studies. 

The heart preservation questions were prepared through investigations of medical 

literature. 

The questionnaire consisted of 9 questions all related to; 

1. The topic. 

2. The resistance against cracking, ease of manufacture, weather factors resistance, 

and weight of the material.  

3. The weight, standardization, ease of manufacture and Usability of the drone the 

pick-up system. 

4. The weight and technique for the heart preserving. 

5. There different shape for the container and the drone the pickup system.  

6. The suggested size dimensions for the heart container. 

7. The importance of adjusting a GPS locator. 

Each question has a scale from 0 to 5 where 0 is I do not know, 1 is low and 5 is high. 

The previous Table 1 was included in a questionnaire, along with investigative 

questions, and was sent to the experts (see Appendix A). The experts included, but 

not limited, to medical engineers, drone designers, and surgeons. More specifically, 

the experts were a manager from a drone store, a surgeon at Karolinska 

Hospital/Stockholm, a transplant coordinator from Lund (Hospital) and an engineer 

in aerospace. The researcher recruited all experts either through LinkedIn 

connections or were referred to the researcher by a connection who is a consultant in 

engineering design. The interviews were conducted via Skype, in-person meetings 

and through e-mail contact.   
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5.3.2.2 Data Analysis for The First Round  

The analysis of the data conducted from the first-round interviews will follow the 

procedure structure. First, some of the interviews were saved upon agreeing of the 

interviewee. After that, the spreadsheet was created in Excel, which presented the 

answers of the interviewees. The answers included choice of shape and size 

dimensions, material, hooking system, pickup system, and heart preserving 

technique. In order to evaluate the answers of the interviewees, a spreadsheet was 

used. Finally, the data was analyzed to calculate the mean and standard deviation 

according to the spreadsheet as can be seen in Appendix A.2.Excel sheets for the 

first-round interview.  

 

 
Figure 11 The method of the data for the first round 

5.3.2.3 Result of The First Round  

According to this research, it was beneficial to discuss the different alternatives with 

engineers and surgeons. Although theoretical descriptions found in literature are very 

useful, it has been imperative to consult experts in this research. A primary reason 

being that there is no literature about transporting hearts via drone traffic yet. 

Furthermore, the results of the first interview round provided a clarification of 

understanding of what is important when researching design specifications for a 
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drone heart container. The interviewees’ answers were critical to develop the 

suggested specifications. For example, the answers from the first round provided a 

new dimension to improve the research for the design specifications of a drone heart 

container. Furthermore, the experience of the first round resulted in the realization 

that more interviews should be conducted in a second round, in order to establish the 

most desirable options amongst the shape and size dimensions, materials, hooking 

systems, pickup systems and heart preserving techniques. 

In order to analyze the data collected through interview answers, the mean and 

standard deviation of the answers were calculated. The design specifications that 

were most desirable attained the highest mean and the lowest standard deviation. So, 

if one choice of, i.e. size and shape, scored a higher mean than another, it ultimately 

meant that this choice would be more favorable as a design specification than that of 

a choice with a lower mean. Simply put, the higher the mean and the lower the 

standard deviation, the better the choice. The calculations of the means and standard 

deviations can be seen in Appendix A.  

The questionnaire was be sent to different exports in different areas. However, the 

interviewee only answered the questions related to his/her areas. For instance, the 

surgeons didn’t answer the questions related to engineering or drone area etc.  

The following five tables will demonstrate the means and standard deviations which 

were the outcome of the interviews with surgeons and engineers. The tables are 

organized in chronological order in accordance to the order in which the questions 

were posed. Thus, choice of materials is also the choice that will appear first in the 

above-mentioned questionnaire which was sent out to the interviewees.  

1. Choice of materials 

The Aluminum & Honeycomb has scored 3,55 for the mean and 0,79 for the 

standard deviation. The Fiber-Metal Laminates has scored 3,35 for the mean and 

1,26 for the standard deviation. The Plastic (PVC) has scored 3,40 for the mean and 

1,03 for the standard deviation. 

The selections of the desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest standard deviation.  
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The suggested materials are valid choices for the purpose of developing a drone heart 

container. Although the choices would sustain and function in the creation of a drone 

heart container, their prices vary. Since cost would play a pivotal role in the choice 

of material, according to engineers, pricing is a new dimension which has been found 

after the first round of interviews. Thus, cost will greatly affect the choice of material. 

2. Choice of hooking system 

The 3R Reference Pallet concept has scored 3,67 for the mean and 0,29 for the 

standard deviation. The Bromma Spreader concept scored 3,42 for the mean and 

0,63 for the standard deviation. The Screw concept scored 2,92 for the mean and 

0,38 for the standard deviation. 

The selections of the desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest standard deviation. Therefore, the 

results presented in table 2 illustrate that the values of the interviewees' answers 

differed to a very small degree. The very small difference between the choices 

contributed to the fact that it was challenging to correctly interpret what hooking 

system would be the most desirable. In order to single out which of the hooking 

systems to use for the design specifications, a second round of interviews was needed. 

3. Choice of pick up system 

A combination of the auto attach & manual attach feature scored 2,83 for the mean 

and 1,33 for the standard deviation. The Auto attach feature scored 2,33 for the mean 

and 1,37 for the standard deviation. The manual attach has scored 3,67 for the mean 

and 0,52 for the standard deviation.  

The selections of the desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest standard deviation. Therefore, as can 

be seen in the results shown under "3. Pick up system," the experts showed little 

support for the alternative to have an auto-attach pick up system. The reason the auto-

attach system was considered a less desirable choice was safety. It was considered 

that a checklist should always be included in the logistics procedure. Since an auto-

attach pick up system cannot provide such a checklist, the manual attach system 

scored a higher mean value and a lower standard deviation.   
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4. Choice of heart preserving technique 

The SCS technique scored 3,83 for the mean and 0,71 for the standard deviation. 

The portable perfusions system scored 3,50 for the mean and 1,18 for the standard 

deviation. The ICE technique system scored 1,83 for the mean and 1,65 for the 

standard deviation. 

The selections of the desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest standard deviation. Therefore, as can 

be seen, there is little support for the ICE technique since it scored such low mean 

values and high standard deviation values. One important reason for this is the fact 

that surgeons claim the ICE technique to be underdeveloped which is why it should 

be avoided to the greatest extent possible. It can work as a technique, but it is not the 

safest, most efficient and most desirable technique according to surgeons.  

5. Choice of shape 

The ovoid scored 4,00 for the mean and 1,41 for the standard deviation. The hearts 

shape system scored 2,43 for the mean and 0,98 for the standard deviation. The 

Square-shaped system has scored 1,86 for the mean and 1,86 for the standard 

deviation. 

The selections of the desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest standard deviation. Therefore, in 

order to facilitate the drone's flying, the shape of a square container should be 

avoided, according to specialists. Thus, the square-shaped container option scored 

low mean values and high standard deviation values, as can be seen above. A drone 

heart container would actually impair the drone's ability to fly, ultimately harming 

the purpose of the design specifications.  
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All the experts have ranked the GPS locator as a very critical component. All experts 

rated the GPS locator with the value 5. Regarding the last question of the 

questionnaire, which can be found above in Table 1, the interviewees claimed that 

the research question needed improvement. The engineers and surgeons 

recommended a new size dimension for the containers that will be proposed in the 

second round. 
Table 2: The result of Specifications for the heart container with a standard connection to a drone after first round 

Specification Alternatives  

Material 

 

1. Aluminum & Honeycomb 

2. Fiber-Metal Laminates. 

3. Plastic (PVC). 

Hooking system 1. Bromma Spreader concept 

2. 3R Reference Pallet concept 

3. Screw concept 

Pickup system 1. Manual & Auto attach (Avoided) 

2. Auto attach 

3. Manual 

Heart preserving 

technique 

1. ICE (Avoided) 

2. SCS System  

3. Portable Perfusion System 

Shape 1. Heart-shaped 

2. Ovoid Shaped 

3. Square (Avoided) 

GPS +Thermometer 

+ LCD Display 

Yes 

Dimensions in cm 1. 20 x20 x 20 

2. 30 x 30 x 30 (Added) 

3. 40 x 40 x 40 

4. 50 x 50 x 50(Added) 

5. 60 x 60 x 60 (Added) 
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5.3.2.4 Second Round of Interviews  

The questionnaire contained nine questions with the same structure as the 

questionnaire for the first round. The questionnaire was edited due to the experts 

following comments. 

• The cost is a new dimension for materials. 

• The square shape should be avoided since it is not capable shape for flying. 

• The auto attach feature should be avoided since it is not very safe. 

• New size dimensions for the heart container should be proposed. 

• The ICE technique should be avoided since it is an under-developed technique. 

Afterwards, the revised version of the questionnaire including Table 2 was sent back 

to the same interviewees in order to investigate the desired specification for the 

optimal design of a drone heart container. The answers to the revised version of the 

questionnaire can be seen in Appendix B.1 Questionnaire for the second-round result. 

5.3.2.5 Data Analysis for The Second Round  

For the second round, the same method, as well as the same type of spreadsheet, 

including the new dimensions, were used in order to register the answers from the 

second round. The Excel sheet is in Appendix B.2 Excel sheets for the second-round 

interview. 

 

 
Figure 12 The method of the data for the second round 
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5.3.2.6 Result and the Evolution of The Second Round 

The second round helped to evaluate and select the desired specification for the 

optimal design of a drone heart container. An additional spreadsheet created in Excel 

and designed to demonstrate the experts' answers from the second-round interviews. 

The Excel sheet can be found in Appendix B.2 Excel sheets for the second-round 

interview. With the interview results as a foundation, the following specifications for 

a drone heart container and standard pickup system were selected. The questionnaire 

was be sent to different experts in different areas. The selections of the desired 

specification for the optimal design of a drone heart container were done in 

accordance with their calculated mean and standard deviation. The higher the mean 

and the lower the standard deviation, the better the choice. Where 5 is the highest 

mean and 0 is the lowest standard deviation. For example:  

1. Choice of materials 

The Aluminum & Honeycomb scored 3,60 for the mean and 0,80 for the standard 

deviation. The Fiber-Metal Laminates scored 2,90 for the mean and 1,21 for the 

standard deviation. The Plastic (PVC) scored 3,55 for the mean and 1,67 for the 

standard deviation.  

The selections of the desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

The higher the mean and the lower the standard deviation, the better the choice. 

Where 5 is the highest mean and 0 is the lowest standard deviation. Therefore, the 

aluminum & honeycomb was selected as a desired material for the heart container in 

accordance with values of 3,60 mean and 0,80 for the standard. Furthermore, because 

of the close values for both the Plastic PVC and the aluminum& honeycomb a 

literature research has clarified that the aluminum& honeycomb is more suitable for 

the air bound applications. 

2. Choice of hooking system 

The 3R Reference Pallet concept scored 2,90 for the mean and 0,42 for the standard 

deviation. The Bromma Spreader concept scored 2,75 for the mean and 0,47 for the 

standard deviation. The Screw concept scored 2,55 for the mean and 0,50 for the 

standard deviation.  
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The selections of desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest stander deviation. Therefore, in 

accordance with values of the means and standard deviations presented, the 3R 

Reference Pallet was selected as a desired hooking system for the heart container in 

accordance with values of 2.90 mean and 0,40 for the standard deviation. 

3. Choice of pick up system 

A combination of the auto attach& manual attach feature scored 2,80 for the mean 

and 1,30 for the standard deviation. Comparatively the manual attach scored 4,00 

for the mean and 1,00 for the standard deviation. 

The selections of the desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest standard deviation. Therefore, these 

numbers show the revised version of the questionnaire, meaning that the choice of an 

auto-attach pick-up system has been excluded. As can be seen, there is clear support 

among the interviewees for the manual attach system; in accordance with values of 

4,00 mean and 1,00 for the standard deviation. 

4. Choice of heart preserving technique 

The SCS technique scored 3,33 for the mean and 0,67 for the standard deviation. 

Comparatively, the portable perfusions system scored 2,67 for the mean and 2,03 for 

the standard deviation. 

The selections of desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest standard deviation. Therefore, the 

SCS technique scored the highest mean value and the lowest standard deviation 

value, ultimately making it the best choice according to experts in accordance with 

values of 3,33 mean and 2,03 for the standard deviation. 

5. Choice of shape 

The heart shape scored 2,67 for the mean and 1,03 for the standard deviation.  

Comparatively the ovoid shape scored 4,50 for the mean and 0,55 for the standard 

deviation. 
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The selections of the desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest stander deviation. Therefore, the 

Ovoid-shape was selected as the desired shape for the heart container in accordance 

with values of 4,50 mean and 0,55 for the standard deviation. 

6. Choice of size dimensions 

The dimension 30x30x30 scored 2,60 for the mean and 1,14 for the standard 

deviation. Comparatively the dimension 40x40x40 system scored 3,80 for the mean 

and 0,84 for the standard deviation.  

The selections of the desired specification for the optimal design of a drone heart 

container were done in accordance with their calculated mean and standard deviation. 

Where 5 is the highest mean and 0 is the lowest standard deviation. Therefore, the 

choices of size dimensions needed revising which is why two new alternatives were 

created in the second interview round. The 40x40x40 was selected as the desired size 

for the heart container, which can be seen in the table in accordance with values of 

3,80 mean and 0,84 for the standard deviation 
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 Third Part: Results 

This stage will also demonstrate results and the selection of the optimal specification 

for the design of a drone heart container optimal design of a drone heart container 

and the standard pick up system, according to the experts' answers. Appendix B.2 

Excel sheets for the second-round interview. 

Below, the reader will find Table 3 which contains desired specification optimal 

design of a drone heart container with a standard connection to a drone due to the 

calculations value of the mean and standard deviations that have come out of the 

interviews with experts.  

 
Table 3: The selected Specifications for the heart container with a standard connection to a drone 

Specification 

Material Aluminum& Honeycomb 

Hooking system 3R Reference Pallet 

Pickup system Manual attach 

Heart preserving 

technique 

SCS technique 

Shape Ovoid 

GPS + Thermometer + 

LCD Display 

Yes 

 

Dimensions 40x40x40 cm 
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Chapter 6 
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 Discussion 

Today the primary methods that are used in Sweden to transport donated hearts are air 

vehicles due to the long distance between hospitals in different cities according to the 

surgeons at Karolinska hospital in Stockholm. However, in megacities cars have been 

used as the main method of transportation of organs – while this method during the 

rush hours and traffic prevent the available heart to be transplanted since it takes more 

than four hours to carry the hearts between the hospitals. Therefore, the usage of a 

drone might be a good alternate method to transport the hearts and will also help reduce 

the number of patients and ultimately shorten the waiting list. 

The greatest challenges with using the delivery drones is the battery life and payload 

capacity. The usage of a drone to transport a donated heart has limited range and battery 

time, therefore, using drones in megacities with traffic and short distance might be 

more effective than using drones to transport donated hearts for considerable distances. 

Aircraft can travel faster and longer distances, but it is a more complex and expensive 

operation. 

The implementation of the drone has slowed because no regulatory framework has 

been approved by the Federal Aviation Agency (FAA) yet. Furthermore, most of 

delivering services via drones that are related to healthcare are not being carried out in 

the U.S because of the restrictions and regulations. The regulation process in the U.S 

is slow and tedious thus creating another hurdle to overcome in the future. 

 

Today a plastic box is used to preserve donated hearts. However, the usage of drones 

to transport a donated heart will require a heart container to preserve the heart. In this 

project, the aim is to clarify the desired specification for the optimal design of a drone 

heart container to be used for a drone.  

From the performed interviews with engineers, thematic analysis, and scientific 

research literature obtained via academic sources from search engines and databases 

the requirements for heart container are a cold storage for the heart at 4 °C and high 

protection for the heart. The SCS is a very good suggestion to be used as heart 

preserving technique because of its high technique, lightweight compared to other 

techniques. Furthermore, according to American Innovation, there is a portable 
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perfusion system which it can preserve the heart for twelve hours. Thus, a portable 

perfusion system might be a better technique if there will be further development on 

the drone to be able to carry more weight (38).  

The Aluminum and Honeycomb and Fiber-Metal Laminates are used to build airplanes 

and satellites. The Aluminum and Honeycomb is light material where the Fiber-Metal 

Laminates is heavier and more expensive than the Aluminum and Honeycomb. 

However, Fiber-Metal Laminates are interesting because they are tailor-made using the 

targeted Quasi-isotropic technique in areas where strength is needed. Regarding 

isolation, the Aluminum and Honeycomb and Fiber-Metal Laminates are again tailor-

made and each section exclusive designed. The material can be configured in different 

ways where selections of a diverse combination of materials play an essential role 

concerning isolation. 

The 3R Reference Pallet concept, Bromma Spreader concept, and Screw concept are a 

different type of hooking system, and the main idea here is to have a standard pick up 

system. Then, the container can be connected to different drones if the pickup system 

was designed according to the same universal standard. However, the experts preferred 

the manual attached because it might be safer and there will not be much time for a 

system error.  

The heart shape, ovoid, and square are different suggested shapes for the heart 

container. However, most of the experts’ rate for the ovoid shape which they believe is 

suitable for flying.  

The usage of the drone might be not very safe, and in case the container falls from the 

drone or if the drone hits something through its flying path, the GPS is an essential 

element to be inserted within the drone and the container as well in case something 

happens then the container can be tracked.  

 

The interviews produce academic data, but it was a bit hard to find an expert in drone 

fields since it is new in the market and few articles have been published. However, in 

the center of Stockholm, there is a store for selling drones. The store manager has been 

interviewed and the interview was effective in terms of the weight of the drone, the 

most applicable design and the durability of the material and although it was hard to 

manage the interviews with other experts, the researcher got excellent help from one 
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of the engineering experts who referred the researcher to other experts. Furthermore, 

some of the surgeons did not want to answer the questionnaire because they thought 

that this is an unsafe way to transport the hearts. 

The writer contacted a telecommunications company in Sweden working on a project 

for a delivery drone with a defibrillator and another company working on a project in 

the north of Sweden for delivering medicine to patients. However, both of them 

rejected to answers the writer’s questionnaire. 

 

Using the V Model was very useful in this project, but it was a bit hard to apply this 

type of model for this project since it is basically used for software engineering design. 

Also, the two-rounds were very useful for conduct the interviews and improved 

questionnaire. 

 

The author of this paper intends to develop an optimal design for a drone heart 

container. For future research, it is recommended to work on the prototyping including 

the unit and integration testing as well. In this research, two rounds of interviews have 

been advantageous in finding the desired specification for the optimal design of a drone 

heart container. Thus, this method is helpful, according to this study, when developing 

a drone heart container. More experts were involved in two rounds of interviews, as 

well as experts from different fields of expertise, should be conducted in order to 

provide a sensitive analysis to the study. This could help to get an acceptance for the 

drone heart container to be used to transport donated hearts. 
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Chapter 7 

Conclusion  
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 Conclusion  

Donated hearts have to be transported to the recipient within four hours. In case, if the 

heart needs to be transported for large distances, the use of air vehicles is a complex 

operation and expensive. While popular, the use of the ambulances is not efficient 

because of the traffic during rush hours. Thus, the usage of the drone would be a good 

method to transport a heart between hospitals. However, for the drone to be able to 

transport a donated heart a drone heart container is required to preserve the heart while 

transporting it. Therefore, the focus in this project was on selecting the desired 

specification for the optimal design of a drone heart container.  

 

The two rounds of interviews have assisted methodology that allowed the author to 

select the desired specification for the optimal design of a drone heart container. The 

questions for the first round were based on the investigation with engineers and the 

analysis for medical literature. Furthermore, the first round helped to understand the 

different dimensions for new development. The questions for the second round were 

based on an Excel sheet which was created to evaluate the experts’ answers from the 

first round. The selection of the specifications for heart container have been 

investigated through two rounds of interviews After screening for opportunities to 

interview the experts and the main finding in this project is the desired specification 

for the optimal design of a drone heart container. 

 

In conclusion, this research has come to the following results. As presented above in 

Table 3, the heart container will be constructed in Aluminum & Honeycomb to an 

Ovoid shaped container (dimensions 40x40x40 cm). The container will have a 3R 

reference pallet hooking system with a manual attach feature. The heart will be 

preserved using the SCS technique. Lastly, important components for the heart 

container are as follows: Battery + GPS + Thermometer + LCD Display. 
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 Appendix A 

A.1.Questionnaire for the first-round result. 

 
Title:  Specification Design and Optimization for a Drone Heart 

Container  

• Introduction 
Drones, Unmanned Aerial Vehicles (UAV), may be a better way to transport 

organs in a quick, secure and less expensive manner. To transplant a donated 

heart has many times been described as a "race against time". In order to 

successfully donate a heart, it needs to be delivered to the recipient within four 

hours.  The main focus of this project is to develop specifications for the heart 

container with a standard connection to a drone, which will be able to transport a 

donated heart between hospitals.  

 

• Requirements for a drone heart container  
o Transport the heart within 4 hours.  

o Cold storage for the heart at 4 °C. 

o High protection for heart. 

o A standard docking system while picking up and dropping off the heart 

container. 

  



 58 

• The Considered Specifications for Optimal Design of The Heart 

Container  
 

Specification Alternatives 

Material 

 

1. Aluminum& Honeycomb is a material used to 

build satellites. 

2. Fiber-Metal Laminates: is a material used to 

build airplanes. 

3. Plastic (PVC) 

Hooking system  1. Bromma Spreader concept 

2. 3R Reference Pallet concept 
3. Screw concept 

Pickup system 1. Manual &Auto Attach 

2. Auto attach 

3. Manual  

Heart preserving 

technique 

1. ICE  

2. SCS 

3. Perfusion System  

Shape 1. Heart-shaped 

2. Ovoid  

3. Square 

GPS + 

thermometer+ 

LCD+ Display   

1. Yes 

2. No 

Dimensions in cm Using SCS 

System  

20 x20 x 20 

Using Portable 

Perfusion System  

40 40 x 40 
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• Material  
 

Type 1                                               Type 2                                              Type 3  

 

 

 

 

 

 

 

 

• Standard hooking systems concept for the attachment between the drone and the 

container 

 Type 1                                              Type 2                                            Type 3  

 

 

   

    

 

 

 
• Examples how the container shape may look like 

 
 Type 1                                             Type 2                                             Type 3  

 

 
 

 Figure 9: Square Figure 8: Ovoid Figure 7: Heart shape 

Figure 4: 3R Reference pallet. Figure 5: Bromma Spreader Figure 6: Screw 

Figure 1: Aluminum& Honeycomb Figure 2: Fiber-Metal Laminates Figure 3: PVC 
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This questionnaire is made in order to clarify the possible 

specifications for the heart container with standard connection to a 

drone 

 

 
Personal information 

 

1. Gender    Female   Male 

 

2. Position                 _________________ 

 

3. Job experience  _______ Years 

 
The questionnaire will be sent to different exports in different Ares. However, 

the interviewee can only answer the questions that is related to his/her areas. 

For instance, the surgeons don’t have to answer the questions that is related to 

engineering or drone area.  

 
QUESTIONAIRE COMMENTS 

1. How would you rate the feasibility of implementing such a 

drone in the modern health care system? 

 

low 1    2     3    4  5 High    0 I don't know    

 

 

2. How would you rate the feasibility of using drone to 

transport donated hearts?  

 

low 1    2     3    4  5 High    0 I don't know    
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3. How would you rate the following MATERIAL 

considering the following properties? 

 

1. Resistance against cracking 

 

A. Aluminum& Honeycomb  

 

    low 1    2     3    4  5 High    0 I don't 

know    

 

B. Fiber-Metal Laminates 

 

 low 1    2    3    4  5 High    0 I don't know 

 

C. Plastic (PVC) 

 

low 1    2    3    4  5 High    0 I don't know 

 

 

2. Ease of manufacture 

 

A. Aluminum& Honeycomb 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Fiber-Metal Laminates 

 

 low 1    2    3    4  5 High    0 I don't know 

 

C. Plastic (PVC) 

 

low 1    2    3    4  5 High    0 I don't know 
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3. Weather factors resistance  

 

A. Aluminum& Honeycomb 

  

low 1    2    3    4  5 High    0 I don't know 

 

B. Fiber-Metal Laminates 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Plastic (PVC) 

 

low 1    2    3    4  5 High    0 I don't know  

 

 

4. Weight 

 

A. Aluminum& Honeycomb 

  

low 1    2    3    4  5 High    0 I don't know 

 

B. Fiber-Metal Laminates 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Plastic (PVC) 

 

low 1    2    3    4  5 High    0 I don't know 
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4. How would you rate the following PICK UP systems 

considering the following properties? 

 

1. Weight 

 

A. 3R Reference Pallet concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Bromma Spreader concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Screw concept 

 

 low 1    2    3    4  5 High    0 I don't know  

   

 

2. Standardization: the container should be able to be pick up 

by another drone  

 

A. 3R Reference Pallet concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Bromma Spreader concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Screw concept  

 

low 1    2    3    4  5 High    0 I don't know 
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3. Ease of manufacturing 

 

A. 3R Reference Pallet concept 

 

 low 1    2    3    4  5 High    0 I don't know 

 

B. Bromma Spreader concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Screw concept 

 

 low 1    2    3    4  5 High    0 I don't know 

 

 

4. Usability 

 

A. Manual & Auto Attach 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Manual  

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Auto Attach  

 

low 1    2    3    4  5 High    0 I don't know 
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5. How would you rate the following HEART PRESERVING 

TECHNIQUE considering? 

 

1. Weight 

 

A. SCS 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. ICE 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Perfusion System 

 

low 1    2    3    4  5 High    0 I don't know  

 

 

2. Technique 

 

A. SCS 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. ICE 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Perfusion System 

 

low 1    2    3    4  5 High    0 I don't know    
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6. How would you rate the following DIMENSIONS 

considering? 

 

1. Using SCS cooling system 

 

A. 20 x 20 x 20 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. 40 x 40 x 40 

 

low 1    2    3    4  5 High    0 I don't know 

 

 

2. Using Portable Perfusion System  

 

A. 40 x 40 x 40 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. 50 x 50 x 50 

 

 low 1    2    3    4  5 High    0 I don't know 

 

 

7. How would you rate the following SHAPE considering the 

resistance to impact? 

 

A. Heart shape 

 

low 1    2    3    4  5 High    0 I don't know    
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B. Ovoid 

 

low 1    2    3    4  5 High    0 I don't know  

 

C. Square 

 

low 1    2    3    4  5 High    0 I don't know  

 

8. How do you rank the importance of GPS locater?  

low 1    2    3    4  5 High    0 I don't know 

 

 

9. Is there anything else you would like to add? 
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A.2.Excel sheets for the first-round interview 

 

1 2 3 4 5 6 7 8 9

3 5 4 4 5
1 3 4 4 4
4 5 3 4 5
3 3 2 2 3

4 5 5 5 5
2 2 3 4 1
2 5 4 4 5
2 3 2 1 3

5 2 3 2 3
5 5 4 4 5
5 4 4 2 4
1 3 2 2 3

4 4 3 5
4 1 4 5
3 5 3 3

4 5 2 5
4 1 4 5
3 1 4 3

4 2 2 4
2 5 2 1
3 4 3 3

3 2 1 5 3 3 1,33
4 4 3 3 4 4 0,52
2 2 1 5 2 2 1,37

3 2 3
4 4 5

3 1 2
0 1 1

5 1 1
4 5 4

3 2 1 2 4 2 3 0,98
5 4 1 5 5 4 4 1,41
1 1 5 2 2 1 2 1,41

5 5,00 0,00

3,67

0,79

3,33 1,41

 How do you rank the importance of GPS locater? 5 5 5 5 5

3,50 1,18

1,33 0,94

3,42 0,63

2,92 0,38

3,40 1,03

0,29

3,55

3,35 1,26

3,50Ease of 
3,50Standardization
4,00Weight 

5

Square 2,00

2,33
Technique 4,33

How would you rate the 
following SHAPE 

considering ?

Th
e r

es
ist

an
ce

 to
 

Im
pa

ct

Heart shape 2,43
Ovoid 4,00

2,00
Technique 0,67

Pe
rf

us
io

n 
Sy

st
em

Weight 

2,67
Technique 4,33

IC
E

Weight 

Auto Attach 2,33

How would you rate the 
following HEART 

PRESERVING 
TECHNIQUE considering 
the following properties?

SC
S

Weight 

Standardization 2,50
Ease of 3,25

Us
ab

ili
ty

Manual & Auto 2,83
Manual 3,67

Ease of 2,75

Sc
re

w 
co

nc
ep

t

Weight 3,00

Br
om

m
a 

Sp
re

ad
er

 
co

nc
ep

t

Weight 4,00
Standardization 3,50

Weather factors 3,80
Weight 2,20

How would you rate the 
following PICK UP systems 

considering the following 
properties?

3R
 R

ef
er

en
ce

 P
al

le
t 

co
nc

ep
t

Pl
as

tic
(P

VC
)

Resistance against 3,00
Ease of manufacture 4,60

Ease of manufacture 2,40
Weather factors 4,00

Weight 2,20

Weight 2,60

Fi
be

r-
M

et
al

 
La

m
in

at
es

Resistance against 4,80

Resistance against 4,20
Ease of manufacture 3,20

Weather factors 4,20

5 4,25 0,65

How would you rate the 
following MATERIAL 

considering the following 
properties?

Al
um

in
um

&
 

H
on

ey
co

m
b

0,88

How would you rate the feasibility of implementing such a 
drone in the modern health care system? 4 3 5 4 5 4 4

5 4 3 5 4,38

QUESTIONS
INTERVIEWERS

MEAN Overall 
Mean S:D

How would you rate the feasibility of using drone to 
transport donated hearts? 5 3 5 5
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 Appendix B 

B.1 Questionnaire for the second-round result. 
 

Title: Specification Design and Optimization for a Drone Heart 

Container  
 

This is the second round of my interviews and I made some changes on the following 

table according to the expert’s feedback  

 

o Suggest bigger dimensions for the size of the heart container. 

o Remove the ICE as suggestion for the heart preserve technique. 

o Remove the square as suggestion for the shape. 

o Consider the cost. 

• Introduction 
Drones, Unmanned Aerial Vehicles (UAV), may be a better way to transport organs in 

a quick, secure and less expensive manner. To transplant a donated heart has many 

times been described as a "race against time". In order to successfully donate a heart, 

it needs to be delivered to the recipient within four hours. The main focus of this project 

is to develop specifications for the heart container with a standard connection to a 

drone, which will be able to transport a donated heart between hospitals.  

 

• Requirements for a drone heart container  
o Transport the heart within 4 hours.  

o Cold storage for the heart at 4 °C. 

o High protection for heart. 

o A standard docking system while picking up and dropping off the heart 

container. 
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• The Considered Specifications for Design of The Heart 

Container for The Second Round.   
 

Specification Alternatives  

Material 

 

4. Aluminum & Honeycomb 

5. Fiber-Metal Laminates. 

6. Plastic (PVC). 

Hooking system 4. Bromma Spreader concept 

5. 3R Reference Pallet concept 

6. Screw concept 

Pickup system 4. Manual & Auto attach (Avoided) 

5. Auto attach 

6. Manual 

Heart preserving technique 4. ICE (Avoided) 

5. SCS System  

6. Portable Perfusion System 

Shape 4. Heart-shaped 

5. Ovoid Shaped 

6. Square (Avoided) 

GPS +Thermometer + LCD 

Display 

Yes 

Dimensions in cm 6. 20 x20 x 20 

7. 30 x 30 x 30 (Added) 

8. 40 x 40 x 40  

9. 50 x 50 x 50(Added) 

10. 60 x 60 x 60 (Added) 
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• Material  

 

Type 1                                                        Type 2                                                Type 3  

 

 

 

 

 

 

 

• Standard hooking systems concept for the attachment between the drone and the 

container 

 

 Type 1                                                       Type 2                                                Type 3  

  

 

 

 

 

 
• Examples of how the shape heart container may look like 
 Type 1                                                    Type 2                                                   Type 3  

 

  

Figure 8: Ovoid Figure 9: Square Figure 7: Heart shape 

Figure 4: 3R Reference pallet. Figure 5: Bromma Spreader Figure 6: Screw 

Figure 1: Aluminum& Honeycomb Figure 2: Fiber-Metal Laminates Figure 3: PVC 
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This questionnaire is made in order to clarify the possible specifications for 

the heart container with standard connection to a drone 

 

Personal information 

 

 

1. Gender    Female   Male 

 

2. Position                 _________________ 

 

3. Job experience  _______ Years 

 

The questionnaire will be sent to different exports in different Ares. 

However, the interviewee can only answer the questions that is related to 

his/her areas. For instance, the surgeons don’t have to answer the questions 

that is related to engineering or drone area 

 
 

QUESTIONAIRE 

 

COMMENTS 

1. How would you rate the feasibility of implementing such a 

drone in the modern health care system? 

 

low 1    2     3    4  5 High    0 I don't know    

 

 

2. How would you rate the feasibility of using drone to 

transport donated hearts?  

 

low 1    2     3    4  5 High    0 I don't know    
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3. How would you rate the following MATERIAL 

considering the following properties? 

 

1. Resistance against cracking 

 

D. Aluminum& Honeycomb  

 

low 1    2     3    4  5 High    0 I don't know 

 

E. Fiber-Metal Laminates 

 

low 1    2    3    4  5 High    0 I don't know 

 

F. Plastic (PVC) 

 

low 1    2    3    4  5 High    0 I don't know 

 

 

2. Ease of manufacture 

 

D. Aluminum& Honeycomb 

 

low 1    2    3    4  5 High    0 I don't know 

 

E. Fiber-Metal Laminates 

 

low 1    2    3    4  5 High    0 I don't know 

 

F. Plastic (PVC) 

 

low 1    2    3    4  5 High    0 I don't know 
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3. Weather factors resistance  

 

D. Aluminum& Honeycomb 

  

low 1    2    3    4  5 High    0 I don't know 

 

E. Fiber-Metal Laminates 

 

low 1    2    3    4  5 High    0 I don't know 

 

F. Plastic (PVC) 

 

low 1    2    3    4  5 High    0 I don't know  

 

 

4. Weight 

 

D. Aluminum& Honeycomb 

  

low 1    2    3    4  5 High    0 I don't know 

 

E. Fiber-Metal Laminates 

 

low 1    2    3    4  5 High    0 I don't know 

 

F. Plastic (PVC) 

 

low 1    2    3    4  5 High    0 I don't know 

    

 

5. Cost 

 

A. Aluminum& Honeycomb  

low 1    2     3    4  5 High    0 I don't know    
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B. Fiber-Metal Laminates 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Plastic (PVC) 

 

low 1    2    3    4  5 High    0 I don't know 

 

4. How would you rate the following PICK UP systems 

considering the following properties? 

 

1. Weight 

 

D. 3R Reference Pallet concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

E. Bromma Spreader concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

F. Screw concept 

 

low 1    2    3    4  5 High    0 I don't know  

   

 

2. Standardization: the container should be able to be pick up 

by another drone  

 

A. 3R Reference Pallet concept 

 

low 1    2    3    4  5 High    0 I don't know 
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B. Bromma Spreader concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Screw concept  

 

low 1    2    3    4  5 High    0 I don't know 

 

3. Ease of manufacturing 

 

A. 3R Reference Pallet concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Bromma Spreader concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Screw concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

 

4. Cost 

 

A. 3R Reference Pallet concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Bromma Spreader concept 

 

low 1    2    3    4  5 High    0 I don't know 
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C. Screw concept 

 

low 1    2    3    4  5 High    0 I don't know 

 

5. Usability 

 

A. Manual & Auto Attach 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Manual  

 

low 1    2    3    4  5 High    0 I don't know 

 

C. Auto Attach  

 

low 1    2    3    4  5 High    0 I don't know 

 

 

5. How would you rate the following HEART PRESERVING 

TECHNIQUE considering? 

 

1. Weight 

 

A. SCS 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Perfusion System 

 

low 1    2    3    4  5 High    0 I don't know  
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2. Technique 

 

A. SCS 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Perfusion System 

 

low 1    2    3    4  5 High    0 I don't know   

 

 

3. Cost 

 

A. SCS 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. Perfusion System 

 

low 1    2    3    4  5 High    0 I don't know 

    

 

6. How would you rate the following SHAPE considering the 

resistance to impact? 

 

A. Heart shape 

 

low 1    2    3    4  5 High    0 I don't know    

 

B. Ovoid 

 

low 1    2    3    4  5 High    0 I don't know     
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7. How would you rate the following DIMENSIONS 

considering? 

 

1. Using SCS cooling system 

 

A. 20 x 20 x 20 

 

low 1    2    3    4  5 High    0 I don't know 

 

B. 30 x 30 x 30 

 

low 1    2    3    4  5 High    0 I don't know 

 

C. 40 x 40 x 40 

 

low 1    2    3    4  5 High    0 I don't know 

 

 

2. Using Portable Perfusion System  

 

A. 40 x 40 x 40 

 

     low 1    2    3    4  5 High    0 I don't 

know 

 

B. 50 x 50 x 50 

 

low 1    2    3    4  5 High    0 I don't know 

  

C. 60 x 60 x 60 

 

low 1    2    3    4  5 High    0 I don't know 
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8. How do you rank the importance of GPS locater?  

low 1    2    3    4  5 High    0 I don't know 

 

 

9. Is there anything else you would like to add? 
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B.2 Excel sheets for the second-round interview 

 

1 2 3 4 5 6 7 8 9

3 4 3 3
4 5 5 3
2 4 3 5
5 4 5 4
3 3 1 3

2 1 3 2
4 4 5 4
1 3 5 2
4 5 3 4
2 1 1 2

0 0 0 0
3 2 4 2
4 5 4 4
5 4 3 3
2 2 3 1

4 3 2 5 1
3 4 4 2 4
1 4 2 4 1

2 3 2 4 3

3 4 2 1 2
4 3 2 4 1
3 4 4 2 4
1 4 2 4 1

1 3 2 2 4
3 3 2 4 1
3 4 3 2 4
1 3 2 3 1

4 3 2 4 1 1,30
3 5 5 3 4 1,00

3 3 4
3 3 2
4 4 4

1 2 2
1 2 1
5 5 5

1 3 4 3 2 3 1,03
5 4 4 5 5 4 0,55

1 2 2 3 1 0,84
2 3 3 2 3 0,55
4 4 3 4 4 0,45

3 4 1 3 2 1,14
3 3 4 4 5 0,84

SC
S

How would you rate the 
following DIMENSIONS 

considering

 How do you rank the importance of GPS locater?

5

Cost 

Manual 

Weight 
Technique

Weight 

Ease of manufacturing 
Standardization

Weight 

Ease of manufacturing 

Standardization

2,80
3,40

4,25
3,50
4,50

4,25
2,75
4,00

How would you rate the 
following PICK UP systems 

considering the following 
properties?

3R
 R

efe
re

nc
e P

all
et 

co
nc

ep
t

Br
om

m
a S

pr
ea

de
r c

on
ce

pt
Sc

re
w 

co
nc

ep
t

Us
ab

ili
ty

SC
S

3,40
2,40

2,80

Weight 

2,00

3

Cost 2,4

2,75

Cost 

2,90 0,42

2,80
4,00

Manual & Auto Attach 

How would you rate the 
following MATERIAL 

considering the following 
properties?

Al
um

in
um

&
 

Ho
ne

yc
om

b
Fi

be
r-M

eta
l 

La
m

in
at

es
Pl

as
tic

(P
VC

)
Weight 

Ease of manufacture
Resistance against cracking 

4 3

Weather factors resistance 

Weight 
Weather factors resistance 

Ease of manufacture

Weight 
Weather factors resistance 

Ease of manufacture
Resistance against cracking 

Cost 

2,90 1,21

Cost 

1,50

2,75

QUESTIONS

5 3 5How would you rate the feasibility of using drone to transport 
donated hearts?

How would you rate the feasibility of implementing such a drone in 
the modern health care system?

Overall 
MeanMEAN S:D

0,80

0,68

4,50

4,17

INTERVIEWERS

4 5 4

5 5 4

2

3,60 0,80

2,50

3,25

0

2,55 1,67

2,00

Resistance against cracking 

3,75

0,47

2,40

2,60
3,20 0,50

Cost 

2,55

4,25

3,33 0,67

2,4

2,67 2,03
1,67
1,33
5,00

2,67
4,00

Ease of manufacturing 
Standardization

Cost 
Weight 

Technique

How would you rate the 
following HEART 

PRESERVING 
TECHNIQUE considering 
the following properties?

Pe
rfu

sio
n 

Sy
ste

m

40 x 40 x 40
30 x 30 x 30 2,6

3,8

How would you rate the 
following SHAPE 

considering ?

Th
e r

es
ist

an
ce

 to
 

Im
pa

ct

2,67
Ovoid 4,50

Po
rta

bl
e P

er
fu

sio
n 

Sy
ste

m

1,8

Heart shape

40 x 40 x 40

Cost 3,33

50 x 50 x 50 2,6
60 x 60 x 60 3,8

5 5 5,00 0,005 5 5 5
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