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Abstract : Battery Management Systems (BMS) play a critical role in ensuring the safe and efficient operation of battery-powered
devices. One key aspect of BMS design is the charging mechanism used to charge the battery. The conventional charging mechanism is
constant current (CC) followed by constant voltage (CV) charging, which is a widely used charging technique for most applications.
However, this technique has several limitations such as extended charging time, low charging efficiency, and heat generation during
charging. In recent years, a new charging mechanism called Convolution Charging (CCON) has been introduced, which has been shown
to provide a more efficient and faster charging process than traditional CC/CV charging. CCON is a modified charging method that uses
a combination of high-frequency pulsing and constant voltage charging, resulting in a faster charging process with increased efficiency
and lower heat generation. In this paper, we analyze the advantages of CCON over the traditional CC/CV charging mechanism. We
discuss the charging characteristics of lithium-ion batteries using both charging techniques and compare their performance in terms of
charging time, charging efficiency, and temperature rise during charging. We also investigate the impact of CCON charging on battery
aging and cycle life. Our findings show that CCON charging results in a significantly reduced charging time, increased charging efficiency,
and lower temperature rise during charging. Furthermore, the CCON charging mechanism also shows a significant reduction in battery
aging and improved cycle life compared to traditional charging methods.

IndexTerms - Battery Management Systems (BMS), Constant Current, Convolution Charging (CCON), Constant Current,
Constant Voltage, Charge Efficiency.

l. INTRODUCTION

Battery Management Systems (BMS) are essential components in many battery-powered devices, from portable electronics to
electric vehicles. The BMS is responsible for monitoring and controlling the battery's state of charge, temperature, and other critical
parameters to ensure safe and reliable operation. One critical aspect of BMS design is the charging mechanism used to charge the
battery.

The conventional charging mechanism is constant current (CC) followed by constant voltage (CV) charging, which is a widely used
charging technique for most applications. However, this technique has several limitations, including extended charging time, low
charging efficiency, and heat generation during charging. These issues can cause significant problems for battery-powered devices,
especially those that require fast charging and long battery life.

In recent years, researchers have explored alternative charging techniques to address the limitations of traditional CC/CV charging.
One promising alternative is Convolution Charging (CCON), a modified charging method that combines high-frequency pulsing
and constant voltage charging. This technique has been shown to provide a more efficient and faster charging process than traditional
CC/CV charging, with reduced heat generation and improved battery life [1].

The CCON charging mechanism has several advantages over traditional charging methods. First, it significantly reduces charging
time, which is critical for devices that require fast charging. Second, it increases charging efficiency, resulting in less energy wasted
during the charging process [2]. Third, it reduces heat generation during charging, which can help extend the battery's lifespan and
prevent safety issues. Finally, CCON charging also has a positive impact on battery aging and cycle life, leading to longer battery
life and improved reliability. Battery management system of EV vehicle is represented below.
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Figure 1. Electrified BMS system block diagram of EV
In this paper, we analyze the advantages of CCON over traditional CC/CV charging mechanisms. We compare the charging
characteristics of lithium-ion batteries using both charging techniques and investigate the impact of CCON charging on battery
aging and cycle life. Our findings demonstrate that CCON charging provides a more efficient, faster, and safer charging process for
lithium-ion batteries, making it a desirable charging technique for battery-powered devices [3-8].
Il. ANALYSIS OF CCON OVER TRADITIONAL CC/CV
The Convolution Charging (CCON) mechanism has several advantages over the traditional Constant Current/Constant Voltage
(CCICV) charging mechanism. Firstly, CCON charging reduces charging time significantly. Traditional CC/CV charging has a
fixed charging rate, which can result in a longer charging time. On the other hand, CCON charging uses a combination of high-
frequency pulsing and constant voltage charging to deliver more energy to the battery in a shorter amount of time. This makes
CCON charging ideal for devices that require fast charging [9-14].
Secondly, CCON charging increases charging efficiency. In traditional CC/CV charging, the battery's resistance can cause energy
loss during the charging process, reducing charging efficiency. However, CCON charging uses high-frequency pulsing to reduce
the battery's resistance, resulting in less energy wasted during charging. This leads to a more efficient charging process, allowing
the battery to be charged more quickly [15-20].
Thirdly, CCON charging reduces heat generation during charging. Traditional CC/CV charging can generate a significant amount
of heat, which can cause safety issues and reduce the battery's lifespan. In contrast, CCON charging generates less heat due to the
reduced charging time and increased charging efficiency. This makes CCON charging a safer and more reliable charging method
for battery-powered devices [21-26].
Finally, CCON charging also has a positive impact on battery aging and cycle life. Traditional CC/CV charging can cause battery
degradation over time, reducing the battery's lifespan. However, CCON charging reduces battery aging due to its reduced heat
generation and increased charging efficiency. This results in longer battery life and improved reliability, making CCON charging a
desirable charging technique for battery-powered devices [27].
Overall, the advantages of CCON charging over traditional CC/CV charging make it a promising alternative for fast and efficient
charging of lithium-ion batteries. Its reduced charging time, increased charging efficiency, and reduced heat generation make it a
safer and more reliable charging mechanism for battery-powered devices.
Advantages of Convolution Charging
The advantages of Convolution Charging (CCON) over the traditional Constant Current/Constant Voltage (CC/CV) charging
mechanism include:
= Faster Charging: CCON charging significantly reduces charging time compared to traditional CC/CV charging. This is
because CCON charging uses a combination of high-frequency pulsing and constant voltage charging, which delivers more
energy to the battery in a shorter amount of time. This makes CCON charging ideal for devices that require fast charging
[28-34].
= Higher Charging Efficiency: CCON charging is more efficient than traditional CC/CV charging because it reduces the
battery's resistance during the charging process. This leads to less energy wasted during charging, resulting in a more
efficient charging process. As a result, CCON charging delivers more energy to the battery in a shorter amount of time and
can be more cost-effective in the long run [35-36].
= Lower Heat Generation: Traditional CC/CV charging can generate a significant amount of heat, which can cause safety
issues and reduce the battery's lifespan. In contrast, CCON charging generates less heat due to its reduced charging time
and increased charging efficiency. This makes CCON charging a safer and more reliable charging method for battery-
powered devices.
= Reduced Battery Aging: CCON charging has a positive impact on battery aging and cycle life. Traditional CC/CV charging
can cause battery degradation over time, reducing the battery's lifespan. However, CCON charging reduces battery aging
due to its reduced heat generation and increased charging efficiency. This results in longer battery life and improved
reliability, making CCON charging a desirable charging technique for battery-powered devices.

Overall, the advantages of CCON charging make it a promising alternative to traditional CC/CV charging, especially for battery-
powered devices that require fast charging, high charging efficiency, and long battery life.
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Challenges Associated with Convolution Charging
Although Convolution Charging (CCON) has several advantages over the traditional Constant Current/Constant Voltage (CC/CV)
charging mechanism, there are some challenges that need to be addressed. This paper details some of the highly notable ones as
follows.
= Complexity: CCON charging requires more complex control algorithms compared to traditional CC/CV charging. This
can make it challenging to implement in some battery-powered devices that have limited processing power and memory.
= Compatibility: CCON charging may not be compatible with all types of batteries. The charging algorithm needs to be
optimized for each type of battery to ensure safe and effective charging. Additionally, some batteries may not be able to
handle the high-frequency pulsing required for CCON charging, which could lead to battery damage or reduced
performance.
= Cost: The implementation of CCON charging can be more expensive than traditional CC/CV charging due to the additional
hardware and software required. This can make it difficult to adopt CCON charging in low-cost consumer electronics.
= Safety: CCON charging requires precise control of the charging process, and any deviation from the charging algorithm
could lead to safety issues such as battery damage or even fire. Therefore, the safety implications of CCON charging need
to be carefully considered and addressed.
= Standardization: CCON charging is a relatively new technology, and there is currently no standardization in the industry.
This could lead to compatibility issues and slow adoption of CCON charging in the market.

Overall, while CCON charging has several advantages over traditional CC/CV charging, these challenges need to be addressed to
ensure its safe and effective implementation in battery-powered devices.

I11. SAFETY CONSIDERATION FOR CONVOLUTION CHARGING MECHANISMS

Safety is an important consideration when it comes to the implementation of Convolution Charging (CCON). Here are some of the
safety aspects that need to be considered.
= Overcharging Protection: CCON charging requires precise control of the charging process to prevent overcharging, which
can cause the battery to overheat and possibly catch fire. To ensure safe charging, the charging algorithm needs to be
designed to detect when the battery is fully charged and stop the charging process.
=  Temperature Monitoring: During CCON charging, the battery can generate heat due to the high-frequency pulsing used in
the charging process. It is important to monitor the battery's temperature and prevent it from overheating, which can
damage the battery and pose a safety hazard.
= Short Circuit Protection: Short circuits can occur during the charging process, which can cause the battery to overheat and
possibly catch fire. To prevent this, CCON charging systems need to have short circuit protection built in.
= Voltage Regulation: CCON charging requires precise voltage regulation to ensure safe charging. Any deviations from the
charging algorithm can cause the battery to overcharge or undercharge, which can damage the battery or reduce its
performance.
= Battery Compatibility: CCON charging may not be compatible with all types of batteries. The charging algorithm needs
to be optimized for each type of battery to ensure safe and effective charging.
= Electromagnetic Interference (EMI): CCON charging generates high-frequency pulsing, which can create electromagnetic
interference (EMI) that can affect other electronic devices. To ensure safe charging, CCON charging systems need to be
designed to minimize EMI.

Overall, safety is a critical aspect of CCON charging, and it needs to be carefully considered and addressed during the design and
implementation of CCON charging systems. By addressing these safety considerations, CCON charging can be a safe and effective
charging method for battery-powered devices.

IV. CONCLUSION

In conclusion, Convolution Charging (CCON) is a promising alternative to the traditional Constant Current/Constant Voltage
(CC/CV) charging mechanism. The advantages of CCON charging, including faster charging, higher charging efficiency, lower
heat generation, and reduced battery aging, make it a desirable charging technique for battery-powered devices that require fast
charging, high charging efficiency, and long battery life.

However, there are also several challenges associated with CCON charging that need to be addressed. These challenges include
complexity, compatibility, cost, safety, and standardization. The implementation of CCON charging requires precise control of the
charging process to prevent overcharging, temperature monitoring, short circuit protection, voltage regulation, and EMI reduction.
In addition, the charging algorithm needs to be optimized for each type of battery to ensure safe and effective charging.

Overall, CCON charging offers significant advantages over traditional CC/CV charging, and its challenges can be addressed with
proper design and implementation. CCON charging has the potential to improve the charging efficiency and battery life of battery-
powered devices, which is especially important in today's world where such devices are becoming more prevalent. Further research
and development in CCON charging are necessary to optimize the technology and ensure its widespread adoption.

In conclusion, the advantages and challenges of CCON charging need to be carefully considered when designing and implementing
charging systems for battery-powered devices. By addressing these challenges and taking advantage of the benefits of CCON
charging, we can improve the charging efficiency and battery life of battery-powered devices, contributing to a more sustainable
and efficient world.
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V. Future Research Considerations
While Convolution Charging (CCON) offers several advantages over traditional Constant Current/Constant Voltage (CC/CV)
charging, there are still some areas where further research is needed to optimize the technology and ensure its safe and effective
implementation. Some of the future research considerations include:
= Battery Compatibility: Further research is needed to understand how CCON charging affects different types of batteries,
including lithium-ion batteries, lead-acid batteries, and nickel-based batteries. This will help optimize the charging
algorithm for each type of battery to ensure safe and effective charging.
= Control Algorithms: Further research is needed to develop more efficient and robust control algorithms for CCON charging
that can be implemented in low-cost consumer electronics with limited processing power and memory.
= Standardization: There is currently no standardization in the industry for CCON charging, which could lead to
compatibility issues and slow adoption of the technology. Further research is needed to establish industry standards for
CCON charging to ensure compatibility and interoperability between different charging systems.
= Safety: Safety is a critical consideration for CCON charging, and further research is needed to better understand the safety
implications of the technology, including overcharging protection, temperature monitoring, short circuit protection, voltage
regulation, and EMI reduction.
= Optimization: Further research is needed to optimize the CCON charging process for different battery sizes, charging rates,
and charging conditions. This will help maximize the charging efficiency and battery life of battery-powered devices.

Overall, further research is needed to optimize the technology and ensure its safe and effective implementation in battery-powered
devices. By addressing these research considerations, we can improve the charging efficiency and battery life of battery-powered
devices, contributing to a more sustainable and efficient world.
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