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Introduction 
Over the course of the past few years, the usage and deployment of UAVs (Unmanned Aerial Vehicles, 
also known as drones) have been exponentially growing, especially rotary-wing drones. Unlike fixed-wing 
drones, the multirotor-propelled UAVs like quadrotors and hexarotors, possess more than two rotors with 
hovering capabilities. Besides electronic control system and electronic stabilization based on sensors, they 
possess high-power brushless DC motors producing lift and thrust. Multirotor UAVs have high mobility, 
mechanical simplicity and kinematic flexibility. 

UAVs offer a wide range of applications from entertainment, photogrammetry, remote sensing and movie 
making to a myriad of civil and military tasks such as exploration and surveillance, and most recently cargo 
transport (Mahony and Kumar, 2012; The rescue project, 2014; Colomina and Molina, 2014; Zheng et al., 
2018). From parcel delivery giants like Amazon, UPS and DHL to tech companies like Google, a swarm 
of start-ups are racing to develop and test drone delivery services. DHL’s Parcelcopter is delivering medical 
supplies off the coast of Germany to a car-free island (Bryan, 2014). Along the same lines, Amazon had 
announced the development of their own Prime Air UAVs fleet, which delivers small parcels directly from 
distribution centers to customers (Rose, 2013). UPS had been considering UAVs for inter-warehouse parcel 
shipment (Stern, 2013). Similarly, Google’s project wing enters the competition with VTOL abilities and 
extended ambitious features (Madrigal, 2014). Finally, the Canadian market followed the trend, with 
Canada post looking into implementing the drone delivery technology. According to Chopra, former 
Canada post CEO, “With technology for Drones rapidly maturing to fly farther and carry heavier payloads, 
the list of potential commercial applications is quite large”. It is becoming obvious that the use of drones 
specifically for parcel delivery presents a solid opportunity, which promises to radically change the game 
within the logistics industry. 

Although an electric drone uses much less energy per kilometer compared to a heavy delivery truck, 
however, the payload of a truck is incomparable to the drone. Hence, the energy needed is significantly less 
if calculated per package. This is only applicable to long haul or mass freight. On the other hand, in a last-
mile delivery, where packages are delivered individually, drones use significantly less charge/power per 
mile. This process is known as ‘warehouse-to-customer’ operation, where it can be autonomously 
implemented. The drone departs from the dispatch center, where parcels are loaded into the drone’s payload 
container, the drone then navigates a pre-planned route to the customer location via a global positioning 
system (GPS). The demand for warehouse-to-customer drone operations are expected to grow 
simultaneously with the growth in online shopping, nonetheless, research is significantly limited on this 
application topic (Brunner et al., 2018). 

While there is abundant of literature suggesting that drone delivery is feasible and profitable (D’Andrea, 
2014), affirmed by a market study by the Teal Group forecasting the doubling of commercial drone 
investment (Teal Group, 2014). Other research, based on current trials by the big delivery operators, imply 
that autonomous drone delivery is feasible for low-density rural areas, where precise GPS signals can be 
utilized easily and there is an abundance of landing areas (Joerss et al., 2016). In contrast, according to 
World Bank data (2019), a growing number of people in the world are living in dense urban areas, at the 
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same time Canada is reshaping its urban centers to accommodate higher density developments. For delivery 
operators to enjoy economies of scale, they are allocating larger dispatching centers and warehouses near 
dense urban areas. Although this allows for shorter last-mile deliveries which are convenient for 
autonomous drones, however, GPS signal, essential for navigation, can be disrupted or lost in urban 
canyons. Furthermore, the road to the widespread adoption of a drone delivery system in the commercial 
sector is still filled with regulatory and technological challenges, drone design, localization, routing and 
fleet coordination, to name a few. Literature is abundant on enabling drone functionality in urban canyons 
via localization and navigation approaches (Clark and Bevly, 2008; Marais et al., 2014).  

Considering regulatory challenges, in Canada, under section 602.41 of the Canadian Aviation Regulations 
(CAR), the use of drones for commercial purposes is currently prohibited except in accordance with a 
special flight operations certificate or an air operator certificate (although other countries have less 
restrictive regulations). CAR also requires UAVs to be operated within the pilot’s line-of-sight, under a 
ceiling of 122 meters and away from bystanders at a minimum distance of 30 metres for basic operations. 
However, the newly amended Canadian aviation regulations introduce rules for advanced operations, where 
drones are to be operated within a controlled airspace and within 30 metres of bystanders. While 
commercial operations remain unauthorized, according to Drone Delivery Canada (DDC) start-up, on 
January 2019 they received approval to start testing its 25kg cargo delivery drone (DDC, 2019). This move 
indicates that companies like Canada Post could be given the green-light soon for full drone operations.  

From a logistic perspective, Guerrero et al. (2015) propose a cable-suspended-payload drone design with 
advanced stabilizing flight control methods to minimize the payload swing along the flight path. 
Furthermore, for fleet coordination, several studies proposed comprehensive operations and fleet 
coordination solutions (Dorling et al., 2017; Gatteschiey al., 2015; Zheng et al., 2018). While regulatory 
research primarily focuses on safety issues, for instance, combating GPS signal hacking to prevent drone 
hijacking (Humphreys, 2012; Faughnan et al., 2013). With the rise of a myriad of safety and security 
literature, utilizing mathematical frameworks for analyzing and enhancing the security of drone delivery 
systems, this may encourage governments to favor drones as the future technology (Sanjab et al., 2018; 
Stolaroff et al., 2018). Along the same lines, given the controversial public perception regarding 
autonomous drone delivery, the greenhouse gas emissions reduction promised will change that perception 
radically.  

Considering technical challenges, the most significant challenge is the insufficiency of the on-board power 
source, which limits the flight range and payload (BinJunaid et al., 2016). Given the limited overall weight 
of the drone, increasing the battery capacity will significantly add to its weight, hence reducing the weight 
allocated for payload and other crucial onboard devices. According to Amazon, 86% of deliveries are under 
the two-kilogram limit, this was applied to their Prime Air drone design, accordingly, limits the range of 
Prime Air drones to 16 kilometers (Gross, 2013). Thus, inevitably there is a need to charge the drone’s 
battery, this has been traditionally done manually. However, in an autonomous system, the charging process 
should be automated with minimum influence on the delivery. On one hand, researchers are working on the 
improvement of battery energy storage. On the other hand, other research suggests operational solutions. 
Park et al. (2017) investigate power optimization, along the same lines, UPS tested utilizing trucks to extend 
the range of their delivery drones (UPS, 2018). Similar research was conducted by Murray et al. (2015), 
where drones are paired with traditional delivery trucks to extend their range. However, this loops back to 
the partial dependency on trucks rather than a fully autonomous system.  

En-route charging for a drone to extend mission range is being developed in alignment with the concept of 
ground-charging-dock for ground autonomous robots, such as vacuum cleaners (Valenti et al., 2007; Milo 
et al., 2003; Augugliaro et al., 2014). Although the concept of contact-based charging is yet to be deployed 
for autonomous drones, it is commercially available for ground applications (irobot, 2019). Alternatively, 
wireless power transfer (WPT) currently utilized in smart-phone charging, when coupled with magnetic 
induction allows efficient charging for a range of two meters (Kurs et al., 2007; Karalis et al., 2008). With 
utilization on drones, unlike contact-based charging, for its omnidirectional characteristic, WPT does not 
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require high precision in landing location to avoid the design and control complexity and reduce cost 
(Leonard et al., 2014; Griffin et al., 2012). While WPT integration can successfully provide the autonomous 
charging to extend drone operation range within cities, the challenge remains in allocating free land parcels 
in dense urban centers for accommodating such a charging station. Hence, utilizing existing buildings is 
inevitable. While these urban centers possess an abundance of high-rise condominiums and office buildings, 
the high utilization of glazed building envelopes is considered a main feature (Elsayed et al., 2016). In 
Canada, glazed building envelopes are identified as the main cause for increased heating and cooling energy 
consumption due to larger window to wall ratios and thermal bridging (HPO, 2013). Adding a WPT drone-
charging station to these existing buildings would increase energy demand and load on the power grid. 
There are various methods for upgrading building envelopes to decrease associated heating and cooling 
loads, and adding potential to generate electricity (Elsayed, 2016). Employing Building-Integrated 
Photovoltaics (BIPV) refers to an architectural approach that combines photovoltaic panels with the 
building construction system. BIPV upgrade represents a silver bullet solution, not only as a renewable 
energy generation function for adding WPT station to a building, but also as an aesthetical building 
envelope upgrade that would enhance the building energy performance. Furthermore, the added charging 
stations are independent of the power grid, this adds sustainability and robustness to the whole autonomous 
delivery system in case of power grid overloads or failure. In conclusion, this paper proposes a multi 
objective optimization and design toolbox for drones to prolong the flight range for parcel delivery missions 
by using a solar-powered wireless charging station allowing autonomous navigation and charging while 
circumnavigating obstructions. 

Methodology 
To integrate the autonomous drone system an open-source platform is selected that is capable of integrating 
equation coding including path routing, drone kinematics, 3D GIS data and weather data. Namely, Python 
and C# are coupled with Rhinoceros (Rhino3d.com, 2018), which is utilized to enable geometrical 
visualization of the simulated system and missions. While, the annual solar exposure is calculated via 
Ladybug that utilizes validated energy and daylighting engines, EnergyPlus (EnergyPlus, 2014), Radiance 
and Daysim (Roudsari et al, 2013). These simulate solar exposure and urban shade on building envelopes 
at a 15-minute time step to estimate the annual potential electricity generation using BIPV systems. The 
simulations act as a first step towards BIPV geometrical optimization that has been previously published in 
previous work (Elsayed, 2016). Fig. 1, illustrates a basic BIPV upgraded envelope in different geometries. 

Figure 1 Simulation Results and optimization process 

(A) Basic added PV skin   (B)  Different geometries as alternatives for increased energy harness based on shading. 

 The multi-objective optimization and simulation process for drone routing, solar charging station allocation 
and energy harness potential is outlined in workflow Fig.2. The process is divided into five successive 
stages. The first stage starts with system input data processing including the 3D GIS city model and drone 
central warehouse and delivery destinations. The locations are transformed form latitude and longitude 
format to a Cartesian (x, y, and z) relative coordinates system, which is cross-referenced to the 3D GIS 
virtual simulation model. Second, creating the flight domain; this stage is suggested in line with current 
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drone regulations to allow for an unmanned traffic management system, with the aim of enabling safe and 
regulated shared airspace usage for commercial operators and other uses alike. This air traffic control, 
comes in the adoption of Amazon’s suggested airspace model for the safe integration of drone delivery 
systems (A. P. Air, 2015). By abiding by the current 30-meter buffer law, the drones are limited in sky 
routes and lanes that are 30-meter away from buildings and public property, except at takeoff and landing, 
where authorization is given.  

Third, a twofold simulation process that utilizes the same 3D model and weather data for both optimization 
problems. For mission path planning, a mathematical algorithm coded in Python is utilized to route delivery 
drones from warehouse location through the shortest possible path towards the final parcel-delivery location 
within the constraints of path domain, drone capabilities and weather conditions. To ensure the traffic 
management of drones, the procedure loops back after each iteration of solutions to the first input process 
for queued missions, where later missions are assigned individual flight paths or flight lane (or a later 
takeoff timing if applicable) to avoid collision with other planned routes. Fourth, power consumption is 
deducted after simulating the drone motion within the toolbox platform. First, the drone physics responsible 
for motion is coded, mainly, the power divided on rotors, torque, thrusts and voltage are given by: 
𝜏𝜏 =C𝜏𝜏 ( I - Iidle )                                                                                                                                           (1)  

V =I . R  + Cpv                                                                                                                                            (2)  
Where τ; Cτ; I is the torque, a constant of torque, and the electric current input, respectively. Where Iidle, V, 
R is the idle rotor current, rotor voltage, and the coil resistance, respectively. Assuming (θ̇) as the time 
derivative for the yaw, pitch and roll angles of the body frame (ф, θ, Ψ). Kinematics based on the Six 
Degrees of Freedom (6DOF) is modeled for simulation. The equations are adapted from (Bouabdallah et 
al., 2007) and scripted in Python language as follows: 
 ẍ𝑏𝑏   =  1

m𝑢𝑢
(cos 𝜑𝜑. cos θ. cos 𝜓𝜓 + sin 𝜓𝜓. sin 𝜑𝜑 ) [b.  (v12 + v22+ v32 +v42)] - K𝑥𝑥

m𝑢𝑢
 . ẋ𝑏𝑏                                     (3)   

ӱ𝑏𝑏   =  1
m𝑢𝑢

(cos 𝜑𝜑. sin θ. sin 𝜓𝜓 + cos 𝜓𝜓. sin 𝜑𝜑 ) [b.  (v12 + v22+ v32 +v42)] - K𝑦𝑦
m𝑢𝑢

 . ẏ𝑏𝑏                                      (4) 

𝑧𝑧𝑧𝑏𝑏   =  1
m𝑢𝑢

 (cos 𝜑𝜑. cos θ ) [b.  (v12 + v22+ v32 +v42)] - K𝑧𝑧
m𝑢𝑢

 . ż𝑏𝑏 − 𝑔𝑔                                                                (5) 

𝜑𝜑𝑧   =  0.5 𝑙𝑙
Ix

  b.  (v22 + v42) +�̇�𝜃 �̇�𝜓 �I𝑦𝑦 - I𝑧𝑧
I𝑥𝑥

�                                                                                                        (6)  

θ𝑧   =  0.5 𝑙𝑙
Iy

  b.  (v12 + v32) +�̇�𝜑 �̇�𝜓 �I𝑧𝑧 - I𝑥𝑥
I𝑦𝑦

�                                                                                                        (7) 

𝜓𝜓𝑧   =  0.5 𝑙𝑙
Iz

 c .  (v12 - v22 + v32 - v42) +�̇�𝜑 θ̇ �I𝑥𝑥 - I𝑦𝑦
I𝑧𝑧

�                                                                                          (8)                      
Where l is the length of the drone arm; Kx, Ky and Kz are the drag coefficients; b is the scaling factor of the 
thrust generated by the rotor; c is the scaling factor of the propeller torque constant. To calculate the energy 
yield from PVs on any building, the annual solar exposure estimates are extrapolated from the weather 
simulations on the imported city model. As the electric power generated output from the PV panels (E) 
decreases with the increase of PV cells temperature (Tp) the equation is: 
E = I (β Tp+γ)                                                                                                                                               (9) 
Where I is the incident solar radiation (W/m2); γ is a PV calibration constant. Temperature is assumed at 
ambient weather at this point for all buildings. 

For any mission that requires more than 80% of onboard battery capacity for a return mission, the mission 
is rerouted to pass by WPT battery charging station allocated at the commercial/ office building with the 
highest solar exposure enroute. This process of WPT location identification is optimized to minimize the 
number of required stations, route deviation and maximize their utilization rate.  Fifth, the system output 
stage, where the autonomous system is visualized and the location of the charging station is determined, 
along with the missions’ path sequential waypoints’ coordinates. To test the twofold objective, and for the 
abundance of tall buildings with high solar exposure and dense last-mile delivery demand, the downtown 
Vancouver area is selected. 

  Elsayed & Mohamed 
 
 

4 

128



Figure 2 Methodology’s simulations and optimization workflow
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Results  
Simulation and optimization results are illustrated in Fig. 3 as follows: 

Figure 3 Simulation Results and optimization process 

(A) skyways drone traffic routes at +30 meter altitude  (B)  High density traffic routes (HDR), dispatch center 
location marked in X. 

(C) Annual solar exposure for commercial buildings on 
Granville street HDR at the edge of initial charge range. 

(D) Annual solar exposure for commercial buildings on W 
Georgia street HDR at the edge of initial charge range. 

(E) (Left) Canada Post dispatch center building, (Right) 
Simulations for all ten missions with initial charge. Critical 
charge range shown in darker gray. 

(F) Optimized routes for missions with insufficient charge 
after rerouting to include a charge stop enroute at closest 
selected charging location marked in X. 
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Simulations are based on a drone equivalent to the DJI 600 PRO of an arm span of 1.668 m and a weight 
of 10 kg, with a payload weight of 6 kgs. The drones are assumed to carry only two batteries with 5700 
mAh capacity each, this provides a maximum range of 3 km on a single charge at a maximum speed of 65 
km/h and light wind gust. A full city 3D model for the city of Vancouver is extracted from the LIDAR data 
on google earth and the Vancouver Assessment Map (mountainmath.ca). Figure 3 B shows the location of 
the Canada Post dispatch center on W Georigia st., within the imported model for the ten simulated 
missions. The simulation results show successful routed missions with a sufficient charge for the missions 
less than 1.5 km away from the Canada Post dispatch center, however, Fig. 2E shows the routes for missions 
with insufficient battery capacity in dotted lines.  

Subsequently, the optimization process utilizes the RADIANCE and EnergyPlus for annual solar 
simulations. Results presented in Fig. 3 C, D show the average annual direct solar exposure per square 
meter of the office/commercial building envelopes. The applied analysis mesh is maximized for memory 
optimization and computing power limits. The results show that most of the southern facades in downtown 
get more than 1000 kWh per square meter on an annual average. The building height/ street width ratio 
causes urban shading on 90% of the buildings. However, most roofs get more than 7 hours of solar access 
daily on average, moreover, all corner buildings, periphery and water-front developments get unobstructed 
solar access on southern, eastern and western facades beside roofs. The algorithm shows two locations 
optimized for the charging station allocation with maximum solar exposure per building volume. The 
selected buildings are allocated to serve a sector of the missions, first, a North-West location for the north 
bound missions at 1188 W Georgia St, a 21-storey, class A office tower with high solar exposure on both 
southern, eastern facades and roof. Second, a South West location for south bound missions at 1295 
Granville St, a wildlife thrift store with a corner unobstructed location. Fig. 2F shows the path routing after 
both charging locations are assigned to successfully restore a 100% SoC for the simulated delivery missions 
with marginal route length addition. All missions are shown successfully after the optimization process, 
Table 1 shows the simulated missions and the extended range achieved by the added charging stations. 

Table 1: Simulated Missions results and range extension 
Mission No. 1 2 3 4 5 6 7 8 9 10 
Shortest path length (km) 1.026 4.162 2.946 2.086 2.820 3.482 4.212 4.968 5.246 4.316 
Sufficient original charge ■ □ ■ ■ ■ □ □ □ □ □ 
No. of charge stops added - 1 - - - 1 2 2 2 2 
Path deviation after 
optimization (km) 

- 0.1 - - - 0.4 0.23 0.3 0.4 0.21 

Range extended (km) - 0.581 - - - 0.241 0.606 0.984 1.123 0.658 
 
Discussion  
Autonomous Unmanned Aerial Vehicles (UAVs) have the potential to revolutionize several industries. 
UAVs are battery operated, which makes them an affordable and sustainable aerial transportation system. 
However, UAV operation is constrained to flight time/range due to battery capacity, which leads to 
significant limitations on its utilization within the transportation/freight context. While extensive research 
efforts have focused on the technical aspects of UAVs, this study provides a working proof of concept that 
can be further extended to a complete last mile delivery solution in urban environments. As results 
illustrated that for the limited area of service within central Vancouver, only four missions were able to be 
completed with the initial charge, On the other hand, all other missions required at least one charge stop. 
The proposed multi-objective optimization succeeded to provide a solution for two proposed solar charging 
stations with over 1000 kWh per square meter, which represents a wasted energy resource of significant 
economic value.  

The province of British Colombia is rich on solar energy. However, the province is still not utilizing this 
resource sufficiently. Although laws and regulations are essentially the backbones of solar applications 
momentum on urban and architectural scales, planning and design can derive the emergence of such 
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regulations and legal frameworks. The unique combination of the range extension for drone parcel delivery 
with building solar envelope upgrade potential represents a viable solution which has been illustrated in 
this study. With the addition of two solar charging stations, the whole area of central Vancouver was 
successfully served. This extended the serviceability range of drones by over one kilometer. Being solar 
powered, the proposed system can reduce the transportation carbon footprint by 0.02 tonnes per 100 km of 
travelled delivery, which is almost 20 delivery missions, and this will help achieve the 2020 greenest city 
action plan target. 

Further details about charge station design have been illustrated by BinJunaid et al., (2016), and details 
about solar optimization and the shape of envelope by Elsayed et al., (2016). There is an opportunity for BC 
to take on a pioneering role in two areas that will leverage the unique aspects of the province.  On the one 
hand, by building an inter-provincial electrical grid, the high levels of hydroelectricity generation in BC 
can be used to stabilize intermittent renewable generation for the western provinces, especially Alberta.  
The combination of hydro and solar is very beneficial for grid stability. On the other hand, providing a 
cheap, sustainable and efficient last-mile parcel delivery model that can serve the province at minimal cost 
and operate autonomously independent of the city grid, will benefit commercial and industrial sectors 
significantly. This could give the city a leading edge over competing markets. It is suggested that the 
modeling and algorithmic contributions provided by this work needs to be further developed by looking 
into legislation and economic models which will facilitate the impending implementation of drone-
facilitated parcel delivery as both drone and solar technologies continue to evolve. 

References 
Karalis A, Joannopoulos J, Soljai M. 2008. Efficient wireless non-radiative 
mid-range energy transfer, Ann. Phys. 323(1) (2008), 34–48. 
Kurs A, Karalis A, Moffatt R, Joannopoulos J, Fisher P, Soljačić M. 2007. 
Wireless power transfer via strongly coupled magnetic resonances, Science 
317(5834) (2007), 83–86. 
A. P. Air, 2015. Revising the airspace model for the safe integration of small 
unmanned aircraft systems. Amazon Prime Air. 
Sanjab A, Saad W, Basar T. 2017. Prospect theory for enhanced cyberphysical 
security of drone delivery systems: A network interdiction game, in IEEE 
International Conference on Communications, Paris, France, May 21-25, 
2017, 1–6. 
BinJunaid A, Lee Y, Kim Y. 2016. Design and implementation of autonomous 
wireless charging station for rotary-wing UAVs. Aerospace Science and 
Technology 54(2016), 253–266. 
Griffin B, Detweiler C. 2012. Resonant wireless power transfer to ground 
sensors from a UAV, in: IEEE International Conference on Robotics and 
Automation, St.Paul, USA. 
Brunner G, Szebedy B, Tanner S, Wattenhofer R. 2018. The Urban Last Mile 
Problem: Autonomous Drone Delivery to Your Balcony. 
Clark B, Bevly D. 2008. GPS/INS integration with fault detection and 
exclusion in shadowed environments. In: Position, Location and Navigation 
Symposium, 2008 IEEE/ION, 1–8. 
Milo D, Silverman C, Jung B, Sukhatme G. 2003. Staying alive longer: 
autonomous robot recharging put to the test, CRES technical report, CRES-
03-015, University of Southern California. 
D’Andrea R. 2014. Guest editorial can drones deliver? IEEE Trans. 
Automation Science and Engineering, vol. 11, no. 3, 647–648. 
Elsayed M.S. 2016. Optimizing thermal performance of building-integrated 
photovoltaics for upgrading informal urbanization. Energy and Buildings, 
116, (2016), 232–248. 
Elsayed M.; Vermette C. 2016. Development of optimization methodology 
for increased energy efficiency of PV integrated curtain wall systems. 
Proceeding of the eSim 2016, Hamilton, ON, 99-110. 
EnergyPlus energy Engineering Reference. 2014. 
Augugliaro F, Willmann J, Flores C, Hamer M, Hehn M, Lupashin S, Male 
C, Mueller M, Gramazio F, Kohler M, D’Andrea R. 2014 The Flight 
Assembled Architecture Installation: Cooperative construction with flying 
machines, IEEE Control Systems Magazine, Volume 34, Issue 4, 46 – 64. 
Faughnan M, Hourican B, MacDonald G, Srivastava M, Wright J, Haimes Y, 
Andrijcic E, Zhenyu G, White J. 2013. Risk analysis of unmanned aerial 
vehicle hijacking and methods of its detection. In: Systems and Information 
Engineering Design Symposium (SIEDS), April 2013. IEEE, 145–150. 
Gross D. 2013. Amazon’s Drone Delivery: How Would it Work? 
HPO. 2013. Energy Use in Mid to High-Rise Multi-Unit Residential 
Buildings; Building Insight.  

Humphreys T. 2012. Statement on the Vulnerability of Civil Unmanned 
Aerial Vehicles and Other Systems to Civil GPS Spoofing. University of 
Texas at Austin. 
iRobot Corporation, http://www.irobot.com/. Accessed 2019. 
Leonard J, Savvaris A, Tsourdos A. 2014. Energy management in swarm of 
unmanned aerial vehicles, Journal of Int. Robot. Syst. 74(1–2), 233–250. 
Stolaroff J, Samaras C, ONeill E, Lubers A, Mitchell A, Ceperley D. 2018. 
Energy use and life cycle greenhouse gas emissions of drones for commercial 
package delivery, Nature Communications. 
Dorling K, Heinrichs J, Messier G, Magierowski S. 2017. Vehicle routing 
problems for drone delivery, IEEE Trans. Systems, Man, and Cybernetics: 
Systems, vol. 47, no. 1, 70–85. 
Guerrero M, Mercado D, Lozano R, Garcia S. 2015. Passivity based control 
for a quadrotor UAV transporting a cable-suspended payload with minimum 
swing,” in 54th IEEE Conference on Decision and Control, CDC 2015, Osaka, 
Japan, 6718–6723. 
Joerss M, Schrder A, Neuhaus F, Klink C, Mann F. 2016. Parcel delivery: The 
future of the last mile, McKinsey & Company. 
Valenti M, Dale D, How J, de Farias D. 2007. Mission health management for 
24/7 persistent surveillance operations, in: AIAA Conference on Guidance, 
Navigation and Control, Hilton Head, USA. 
Madrigal A. 2014. Inside Google’s Secret Drone-Delivery Program. 
http://www.theatlantic.com/, Accessed 2018. 
Marais J, Meurie C, Attia D, Ruichek Y, Flancquart A. 2014. Toward accurate 
localization in guided transport: combining GNSS data and imaging 
information. Transport. Res. Part C: Emerg. Technol. 43, 188–197. 
NRCAN. 2015. Photovoltaic potential and solar resource maps of Canada. 
Roudsari M, Pak M. 2013. Ladybug: a parametric environmental plugin for 
grasshopper to help designers create an environmentally-conscious design. 
BS2013, 13th conference IBPSA Cahmbery France, 3128-3135. 
Park S, Zhang L, Chakraborty S. 2017. Battery assignment and scheduling for 
drone delivery businesses, IEEE/ACM International Symposium on Low 
Power Electronics and Design, ISLPED, Taipei, Taiwan, 1–6. 
UPS. 2018. UPS tests residential delivery via drone launched from atop 
package car, (https://pressroom.ups.com/). Accessed 2018. 
Gatteschi V, Lamberti F, Paravati G, Sanna A, Demartini C, Lisanti A, 
Venezia G. 2015. New frontiers of delivery services using drones: A prototype 
system exploiting a quadcopter for autonomous drug shipments,” 39th IEEE 
Annual Computer Software and Applications Conference, Taichung, Taiwan, 
Volume 2, 920–927. 
Vancouver city database map, Retrieved 2019, from data.vancouver.ca. 
World Bank. https://data.worldbank.org/. Accessed 2019. 
Xiaocui Z, Wang F, Zhanghua L. 2018. A multi-UAV cooperative route 
planning methodology for 3D fine-resolution building model reconstruction. 
ISPRS Journal of Photogrammetry and Remote Sensing 146 (2018), 483–494. 

 

  Elsayed & Mohamed 
 
 

8 

132




