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Introduction: Motivation

Customers

Customers

Customers

Customers

Changing wind speed & direction

How to deliver the materials to customers ?

• Routing

• Scheduling

Collision free routing…

Experience: Real world industry problem

• 400+ customers

• 20+ UAV fleet

• Large UAVs with 100 Kg+ carrying capacities

Can not be solved using typical routing techniques in 

existing literature
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Literature Study & Questions Answers

1.1 What are the existing route optimization implementations for land based 
transportation and maritime transportation, which are published in existing literature?

• Linier approximations of Fuel

• (Horizontal travel) 2D in contrast to UAV fly on 3D (Vertical & Horizontal)

1.2 What is the current state of UAV routing in existing literature and what are the 
gaps?

• Current state of research has not considered the weather factors and ignores 
the impact of weather on performance

• Assumed unlimited fuel capacities

• No studies done for large scale UAVs

1.3 What are the stochastic conditions influencing the routing, which are unique to 
UAVs?

• Weather conditions( Wind speed & direction , Temperature, Air density)



Publications A

• Journal Paper

• Journal : Logistics Research

• Status : Under Review
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Research Questions

2.1 What are the important factors that affect energy consumption of UAVs ?

2.2 What is the relationship between the factors affecting UAV energy 

consumption ?

2.3 What is the current state models for addressing the fuel consumption of 

UAVs and How can we calculate the fuel consumption of UAVs considering 

the factors?



Important factors affecting UAV energy consumption and 

their relationship
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[1-15 m/s], [1-360 degrees] [10-30 m/s]

[1-100 Kgs]

[1.15-1,44 kg/m3] [-3 to 20 °C ]

Different Weather Different Energy 

Consumption
Different 

routes/schedules

1

2

Strongly influence the solution strategy for the UAV 

routing problem

…

Cold temperatures may adversely 

affect battery performance 

Flying with the wind could 

reduce/increase energy consumption 

Maximum flight distance could be 

constrained by 

• Take-off gross weight

• Fuel weight and payload .



Analysis of the factors affect UAV energy consumption

𝑃𝑇 =
1

2
𝐶𝐷𝐴𝐷𝑣

3 +
𝑊2

𝐷𝑏2𝑣

𝑃𝑇 Power needed for flight 

𝐶𝐷 Aerodynamic drag coefficient 

A Front facing area of the UAV

W Total weight of the UAV

D Density of the air

b Width of UAV

v Relative speed of the UAV 

𝑝∗ =
𝑇
3
2

2𝐷ς

𝑝∗ Power needed for take-off and 

landing 

T Thrust T = W g

ς Facing area of the UAV is in 

m2
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[1-15 m/s], [1-360 degrees] [10-30 m/s]

[1-100 Kgs]

[-3 to 20 °C ]
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• Conference Paper

• Conference : ISAT 2018

• Status : Published
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Questions

• We want to find answers to following questions ;

1. How does the factors found on step 2 affect the energy consumption of 

UAVs?

2. How does energy consumption changes in relation to UAV routing?
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UAV  power consumption and UAV flying speed

UAV energy consumption Vs UAV flying speed
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UAV Power Consumption against two changing parameters

Energy consumption against speed and payload
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Scenario analysis : Test scenario

Wind 

Direction

1

2 3

4North

1

2 3

4

Test Scenario diagram

Test Scenario illustration 2.5D

Width 8.7m

Front reference area 1.2m2

Top reference area 7.5m2

Empty weight 57.5kg

Maximum takeoff weight 120 kg

UAV Drag coefficient 0.546

UAV specifications
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Scenario analysis: Weather data

• Weather data was taken 

based on the actual weather 

data of Denmark from 

January 1st of 2006 to 

December 31st of 2016. 

• Figure 6 shows the 

distribution of weather data 

over the time of 10 years 

• Based on the data we 

selected most occurred wind 

speed range and for the 

scenario, analysis and we did 

the analysis for all the 

possible wind directions. 

Weather data
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Assumptions

• UAVs fly between locations at a constant speed in a constant altitude. 

• We assume a simple flight path, such that the UAV first ascends vertically to 
a desired altitude, and then travels in a straight path, and descends 
vertically in the location i, which has a demand Di.

• Wind speed and direction is constant during the mission execution

• Demand at each location can be fully satisfied by the UAV and that the 
demand at a location is not higher than the carrying capacity. 

• We assume that the UAV has sufficient energy capacity to complete the 
mission. 

• We assume for practical reasons that in a UAV trip all parameters will 
remain constant on a given arc. Payload and speed may change from one 
arc to another
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Results of the analysis

• We observed how the energy consumption changes with respect to inbound 

vs outbound travels and level flight vs take-off and landing.

• Experiments are carried out, with regards to the scenario explained for 

different flying speeds, different carrying payloads and changing wind 

speeds and directions.
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Results of the analysis : Changing wind speed

Fig. 9. Energy consumed percentage in outbound vs inbound trips and Level flight 

vs VTOL for different wind speeds
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Results of the analysis : Changing wind direction

Fig. 10. Energy consumed percentage in outbound vs inbound trips and Level 

flight vs VTOL for different wind directions

Wind direction in degrees Wind direction in degrees
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Answers to questions

3.1 How does the factors found on step 2 affect the energy consumption of 
UAVs?

• These Factors were analysed using experiments and the relationships 
and behaviours are identified

3.3 How does energy consumption changes in relation to UAV routing?

• The extended non-linier models for calculating energy consumption 
helps for better performance in UAV routing compared with linear 
approximations.

• Breakdowns of UAVs in air : When linier approximations are used it 
leads to “out of fuel” situations on air.

• Reducing the fuel cost:  Actual vs Expected error in remaining fuel 
after finishing a route is reduced by 29%



Publications C

• Conference Paper

• Conference : ISAT 2018

• Status : Published
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Publications D

• Conference Paper

• Conference : DCAI 2018

• Status : Published
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Publications E

• Conference Paper

• Conference : ISPEM 2018

• Status : Published

27



Publications F

• Conference Paper

• Conference : ICIST 2018

• Status : Published
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Example problem

 

a) 

b) c) d) 



Conclusion

• Up to Now

• Step 1,2 and 3

• PhD courses

• Journal article

• Conference proceedings

• Study abroad started

• Future work

• Step 4-7
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Conclusion

• Focuses on analyzing the energy consumption of UAVs, which is non-linear and 
dependent on weather, speed, direction, and payload. 

• The paper analyses an example scenario of a single UAV multiple delivery 
mission, and based on the analysis, relationships between UAV energy 
consumption and the influencing parameters are presented.  

• The results of the analysis shows that the energy consumption has a non-linear 
relationship with the parameters of flying speed and payload. 

• It shows that in higher-flying speeds, linear approximations are possible. 

• In lower flying speeds and higher carrying payloads, the UAV consumes more 
energy for take-off and landing compared level flight, which is the vice versa in 
higher-flying speeds and lower carrying payloads. 

• Results tells that changes wind direction can significantly affect the energy 
consumption of a UAV.

• Future research
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Thank You


