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Abstract: The sales of electric vehicles (EVs) start to boom in recent years. This is mainly due to people's increased concern
about the environmental impact caused by traditional fossil-fuel vehicles. One great limitation of current EV technology is that
the driving range is short and an EV must stop for an extended period of time to get charged. The dynamic wireless charging
(DWC) technology partially addresses these drawbacks by providing EV owners the ability to charge while in motion. This
technology is similar to the one used for wireless charging of mobile phones but on a much larger scale. The charging principle
for this technology is inductive magnetic charging. This type of technology is especially suitable for electric buses with fixed
routes that serve a local area. The aim of the paper is to find the optimal locations of wireless chargers and the optimal battery
size. A case study of DWC system design based on Binghamton University's bus system data is carried out in this paper. A
Mixed Integer Linear Programming (MILP) model is developed to minimizing the total implementation cost. The results show
that the developed optimization model can substantially reduce the buses' battery size and improve the cost-effectiveness of
installing dynamic power transfer facilities when compared with regular static outlet charging.
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1. Introduction
In the transportation sector, the bus system plays a vital role in reducing traffic congestion and greenhouse gas (GHG)
emissions. Currently, most buses are diesel powered. They consume fossil fuel and generate high emissions. To tackle these
problems, new technologies are being developed to reduce the oil dependency of buses. Electrification of buses is one such
technology which is widely considered effective for emission reduction. Electric vehicles (EV) are powered by electricity and
thus do not generate any emission on the road. Even though the generation of electricity may be accompanied by GHG
emissions, the total emission compared with traditional internal combustion engine vehicles is still much lower. Also, electricity
generated by using renewable energy sources, which are clean and sustainable, makes EVs a very promising alternative for
diesel buses. EVs have certain disadvantages due to the limitation of battery technology. EVs have a high cost, limited travel
ranges, and long charging time. The dynamic wireless charging (DWC) technology provides a potential solution to overcome
these drawbacks of EVs.
DWC refers to a system where power transfer is achieved electro-magnetically. DWC is also known as inductive
charging, without any physical contact. The dynamic charging occurs while an EV is in motion. Charging pads are embedded
below the road surface and EVs have a receiver installed in them. The EVs get charged as they go over these pads (Esser, 1995;
Pedder, Brown, & Skinner, 1999).
More specifically, the DWC system consists of a vehicle unit and a power transmitter unit (PTU). The PTU includes
the inductive cable and the power inverter. The inverter creates an alternating current and supplies power to the cable. The
cable is connected to the pads which are installed beneath the road surface. Two electromagnets are required that are positioned
at a certain distance from one another. The electromagnet on the road is called the primary coil and the one on the vehicles is
called the secondary coil. A magnetic field is created when current flows through the primary coil, which leads to the flow of
current in the secondary coil. This is based on the Faraday induction principle. The efficiency of the energy transfer is inversely
related to the distance between the coils. This energy can be brought into control if the frequencies of electromagnetic fields of
both coils are brought into resonance. This condition is called inductive resonant energy transfer. An EV with DWC capability
significantly reduces downtime (i.e., the time during which EV is not operational) due to charging. Furthermore, it eliminates
the need for a large battery and positively influences the battery life cycle. Moreover, recent research has indicated that frequent
shallow charging using DWC is less stressful for the Lithium-based battery than infrequent deep charging done by conventional
conductive charging (Esser, 1995).
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