Abstract

A framework is developed for the implementation of an autonomous drone-based delivery
system. The concept stems from the need for more efficient methods of clinical transport

in underdeveloped regions.

A case study of a region in Mpumalanga investigates the requirements of the delivery
system and scale of the intended solution. The travelling salesman problem (TSP) is
used to determine that a region with 19 request points can be serviced by a single drone

with a 30 minute flight range and 2 - 4 kg payload capacity.

A notional region containing 20 clinics and one laboratory is used to simulate scenarios
with dynamic request points using a reward-based inspection algorithm. Delivery routes

are optimised based on global conditions.

An evaluation of the inspection algorithm resulted in the drones averaging 103.53 km in
139.21 minutes. A framework is thus developed which allows for a theoretical scenario

analysis for future implementations.

The specimen turnaround time from clinic to laboratory is assessed using 120 scenarios
of varying wind speed and request generation rates. In wind conditions similar to that
observed in Mpumalanga (5 - 25 km/h), the drone averaged 93.94 minutes per request.
At a request rate of two requests per hour the drone delivered an average of 180 samples
generated in the first nine hours of simulation. At a request rate of one request every
6 hours the drone averaged 29 samples. The results indicate that as less requests are

generated, reduced turnaround times are presented.

Future work may include an in depth study of seasonal request rates and weather pattern

data in order to influence the path of the drone for a further optimised approach.

The simulated system proves feasible with regard to external effects such as wind and
request point generation. The simulation enables the system to find the most efficient

route for a given area in real time and presents a clear indication of turnaround times.



	Declaration of Authorship
	Abstract
	Acknowledgements
	Contents
	1 METHODS OF CARE
	1.1 INTRODUCTION
	1.2 PROBLEM STATEMENT
	1.3 PURPOSE OF RESEARCH
	1.4 LABORATORY PROCEDURES
	1.5 RESEARCH QUESTION
	1.6 HYPOTHESIS
	1.7 ASSUMPTIONS AND LIMITATIONS
	1.7.1 Drone System Validation
	1.7.2 Risk Assessment
	1.7.3 Legal and Ethical Issues
	1.7.3.1 Ethics in Drone Flight


	1.8 SUMMARY

	2 BACKGROUND
	2.1 INTRODUCTION
	2.1.1 Multi-copters
	2.1.2 Unmanned Aerial Vehicles

	2.2 REVIEWS OF CURRENT DRONE SYSTEMS
	2.2.1 Drones in Medical Delivery and Aid Relief
	2.2.2 Drones in Goods Delivery

	2.3 REQUIREMENTS BASED ON LABORATORY PROCEDURES
	2.4 SUMMARY

	3 POINT OF CARE
	3.1 INTRODUCTION
	3.2 RESEARCH UNDERPINNINGS
	3.2.1 Costs Associated With POC Devices
	3.2.2 Laboratory Testing
	3.2.3 Proportional Approach to Testing

	3.3 SUMMARY

	4 MPUMALANGA CASE STUDY
	4.1 RESEARCH DESIGN AND METHODOLOGY
	4.2 PROBLEM AND PURPOSE OVERVIEW
	4.3 POPULATION AND SAMPLE
	4.3.1 Optimum Demographic
	4.3.2 Region Selection
	4.3.3 Region's Supporting Infrastructure

	4.4 ASSUMPTIONS AND VARIABLES
	4.5 DATA COLLECTION AND INSTRUMENTATION
	4.5.1 Mapping the Region
	4.5.2 Optimisation Objectives
	4.5.3  Classifying the Type of Routing Required for Optimisation
	4.5.3.1  Identifying the Schedule 
	4.5.3.2  Identifying the Boundary 
	4.5.3.3  Identifying the Sequence 

	4.5.4 Classifying the Optimisation Method
	4.5.5 Link Between TSP and Drone Delivery

	4.6 SUMMARY

	5 TSP SIMULATION
	5.1 INTRODUCTION
	5.2 SIMULATION
	5.2.1 Applying TSP to the Case Study
	5.2.2 MATLAB Configuration

	5.3 DATA ANALYSIS
	5.3.1 Efficiency and Turnaround Times
	5.3.2 Deliveries Exceeding the System's Capabilities

	5.4 SUMMARY

	6 SIMULATION DEVELOPMENT
	6.1 INTRODUCTION
	6.2 PROBLEM AND PURPOSE OVERVIEW
	6.3 SIMULATION FRAMEWORK
	6.4 SIMULATION ALGORITHM
	6.4.1 Future Scenario Impact of Optimisation Approach

	6.5 ASSUMPTIONS AND VARIABLES
	6.5.1 Routing Rewards
	6.5.2 Penalty Values

	6.6 DATA COLLECTION AND INSTRUMENTATION

	7 SIMULATION OPTIMISATION
	7.1 SIMULATION
	7.2 OPTIMISATION CONFIGURATION
	7.2.1 Scenario 1: Case Study Comparison
	7.2.2 Scenario 2: Inclusion of a Second Drone
	7.2.3 Scenario 3: Inclusion of a Third Drone

	7.3 Manipulating the Reward Function
	7.3.1 Scenario 4: Manipulating Reward Function with Distance as Primary
	7.3.2 Scenario 5: Manipulating Reward Function with Priority as Primary
	7.3.3 Scenario 6: Manipulating Reward Function with Specimens as Primary
	7.3.4 Scenario 7: Random Walk
	7.3.5 Inclusion of Wind Effects
	7.3.6 Scenario 8: 10 km/h Wind Speed
	7.3.7 Scenario 9: 25 km/h Wind Speed
	7.3.8 Scenario 10: 40 km/h Wind Speed
	7.3.9 Scenario Outcome Summary

	7.4 CONCLUSION

	8 TURNAROUND TIMES
	8.1 INTRODUCTION
	8.2 SIMULATION
	8.2.1 Assumptions and Variables

	8.3 RESULTS
	8.3.1 Delivery Time Distribution
	8.3.2 Delivery Times

	8.4 DATA ANALYSIS
	8.4.1 Limitations and Future Work

	8.5 SUMMARY

	9 CONCLUSION
	9.1 INTRODUCTION
	9.2 FINDINGS
	9.3 IMPLICATIONS AND FUTURE RESEARCH
	9.3.1 Summary


	Bibliography



