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Abstract

The application range of drones is extremely broad, covering fields such as
geographic and architectural surveying, scientific research, energy exploration,
agriculture and forestry, and entertainment. In recent years, it has further expanded to
include emergency search and rescue operations as well as military uses. Among these,
the endurance of drones plays a critical role in determining their value and extended
applicability. Generally, there are two approaches to enhancing drone flight time: the
first is by reducing the weight of the drone, and the second is by increasing the energy
storage capacity of its battery. This project proposes a hybrid energy system (HES)
composed of a supercapacitor (SC) and a lithium-ion battery, leveraging their
respective charge and discharge characteristics to optimize the battery capacity and
extend the drone's flight time. By employing an energy management system (EMS) to
monitor the energy levels of the lithium-ion battery and the supercapacitor, these data
serve as the basis for decision-making. A microcontroller unit (MCU) is utilized to
regulate the power output distribution between the lithium-ion battery and the
supercapacitor within the hybrid energy system. Through an optimal adaptive
discharge strategy, the energy from the lithium-ion battery can be fully utilized,
thereby improving the drone's flight endurance.

Keyword : Discharge Strategy, Energy Management System (EMS), Hybrid
Energy System (HES), Supercapacitor (SC)
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Characteristic Supercapacitor Lithium Battery

Temp -40~85°C -20~45°C

Cycle Life >1,000,000 10,000

Power Density 10,000W/kg 100~3000W/kg

Energy Density 1~10Wh/L 250~650Wh/L

Efficiency >98% 90~95%
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