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Abstract

The proposed design introduces an innovative Multiple-Input Multiple-Output
(MIMO) based Battery Management System (BMS) design that facilitates convenient battery
replacement in battery packs. The technology allows for real-time monitoring of battery
health through separate communication channels, making it easier to identify and replace
batteries without the need for complicated disassembly. Granular control of charging/
discharging and cell balancing allows for the achievement of enhanced safety and increased
pack performance.
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1. Introduction

A battery management system (BMS) is an electrical system that
oversees the operation and maintenance of a battery or a group of cells [1].
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It oversees and regulates crucial variables. A battery is a crucial component
in various industries such as transportation and communication,
particularly in portable equipment like electric vehicles and appliances[2]
[3]. The rechargeable electric battery is the predominant and extensively
utilised device employed for the storage of electrochemical energy for
power[4][5]. Here a battery management system design is proposed which
can be charged from different sources and can supply power to multiple
devices[6]. This solution can facilitate users in seamlessly replacing the
battery in the battery pack in operational mode.Many adaptive techniques
like fuzzy,neural ANFIS etc are also used for control mechanism of BMS of
EVs or in power systems[7],[8].

2. Schematic Employment

The System is composed of batteries and switches arranged in a grid-
like layout. Each battery will be encircled by six switches (S1, S2, S3, 54, S5,
S6) arranged in an H-bridge configuration shown in Figure 1. The switches
S1, S2, S3, and S4 will operate in pairs, specifically S1 with S4 and S2 with
S3.
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Figure 1 Figure 2

Single cell unit of grid like structure Grid like structure of battery
management system

These pairs will be responsible for altering the direction of the electric
current in the output. Additionally, they can be utilised to change the
voltage from alternating current (AC) to direct current (DC) and vice
versa.



MIMO BMS DESIGN FOR USER-FRIENDLY REPLACEMENT OF BATTERIES

425

The triacs will be used as switches S1, S2, S3, and S4. Switches S5 and

S6 are bi-directional triacs, which provide enhanced regulation of electrical
current depicted in grid like structure in Figure 2. To replace the batteries,
just turn off switches S1, S2, S3, and S4.

3. Simulation study of Sequential structure of batteries

The simulation of the case study is designed for 9 batteries of different

ratings.it also comprises of 3 different loads and 2 input (refer paper {9]).

Figure 3

Sequential structure of different batteries in Grid Module

The designed sequential structure is shown in Figure 3, where the
sequential operation of different batteries are in following manner:

The battery on (0,0) is charged from input 1.

The battery on (2,0) is getting charged from input 2.

The load 1 is fed by battery on (1,0) and the load 2 is fed by batteries
(1,1), (1,2), 2,1) and (2,2).

The battery on (0,1) is having fault die to high temperature while
seeding load 3, the load 3 is fed by battery (0,2) and battery (0,1) got
isolated from system.

Battery (0,3a) is getting replaced by battery on (0,3b) while the other
system is working.
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5. Result

As the battery temperature increases, the risk of it causing harm to
the system also increases, as shown in Figure 4. To avoid this, a signal is
sent when the temperature exceeds a specific threshold, which in this case
is 30 degrees Celsius
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Figure 10 Figure 11
Voltage of (1,0) SOC of (1,0)

Once this signal is reached, the switches surrounding the battery (0,1)
will separate it from the system, and the battery (0,2) will take over to
supply power to the load that was previously powered by the original
battery.

Figure 5 and Figure 9 show the current of battery (0,2) and of battery
(1,0), similarly Figure 6 and Figure 10 show the voltage across battery (0,2)
and battery (1,0).

The load is connected to sequence (0,1) and the current passing
through it is presented in Figure 8.

The State of charging ( SOC) of battery (0,2) and battery (1,0) are
shown in Figure 7 and Figure 11.

6. Conclusion

The proposed novel battery system design not only enhanced the
utility capacity by efficiently distributing electricity to various loads but
also resulting in the cost savings through the reduction of battery packs
and battery management systems required for supplying power to
multiple loads. The project aims to streamline the battery replacement
process, making it more user-friendly and efficient. This will be achieved
by enabling the
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