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Abstract 

 Significant to a major pollution contributor in passenger vehicles, electric vehicles are more 
acceptable to use on the road. Electric Vehicles (EVs) burn energy based on the usage of the battery. The 
usage of the battery in EVs is monitored and controlled by Battery Management System (BMS). A few 
factors monitor and control Battery Management System (BMS). This paper reviewed the battery charging 
technology and Remote Terminal Unit (RTU) development as a Hybrid Battery Management System (H-
BMS) for Electric Vehicle (EV). 
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1. Introduction 
Everyday people breathe through the polluted air. Passenger vehicles polluted the air 

with significant amounts of nitrogen oxides, carbon monoxide, and other pollution. In 2013, 

transportation contributed more than half of the carbon monoxide and nitrogen oxides, and 
almost a quarter of the hydrocarbons emitted into our air.Thus, Electric Vehicles (EVs) begin to 
growth as well as to save earth.The EVs continue life by a designation of the Battery 

Management System based on battery behaviours and indirectly produced battery charging 
technology.     

Battery charging technology is grown quite quickly nowadays. By referring to the latest 

article news, the charging process is based on power sources that either come from waste glass 
bottle and a low-cost chemical process or under sunlight and indoor lighting. This technology is 
monitored and controlled by Battery Management System (BMS). Battery Management System 

(BMS) is an advantage to monitor and control for any battery charging technology especially in 
Electric Vehicles (EVs). A few factors monitored and controlled by battery management systems 
include: a). main power voltage, b). battery or cell voltage, c). charging and discharge rates, d). 

temperatures of the batteries or cells, e). battery and cell health, and f). coolant temperature and 
flow for air or liquid cooling. 

BMS in EVs totally monitored and controlled the battery behaviours. The time planning 

on how the EVs use the battery are monitored and controlled by Remote Terminal Unit (RTU) 
from distance. In recent years, there has been an increasing amount of literature on RTU 
development and implementation. The RTU device development is limited only to Power 

Distribution and Transmission System. Thus, this paper reviewed the development and 
implementation of RTU for designing the specific purpose RTU in Electric Vehicles. 
 

 
2. Battery Charging Technology 

Battery charging technology in EVs depend on battery type use such as Li-Ion, Li-SO4, 

Ni-MH, and others. This battery type is proven by their characteristics performance. In [1] cited 
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by [2], 18650 Lithium-Ion battery is used to develop Battery Management System (BMS) for 

144V 50Ah. As lithium-ion batteries have high value of specific energy, high energy density, 
high open circuit voltage, and low self-discharge, they are a proper candidate for EVs among 
other cell chemistries. 

Before design BMS, the battery heat is considered during charging and discharging. As 
described by [3], to determine the heat generated by a Li-ion cell, it is necessary to measure the 
trend of voltages and currents during different phases of charging and discharging as shown in 

Figures 1,2,3, and 4. The thermal behavior caused by heat generated give the temperature 
changes is shown in Figures 5,6,7,8 and 9. The thermal power for each cell in discharge state is 
shown in Table 1. 

 
 

 

 
Figure 1. Voltage curves 1C in the charge and 1C, 5C, 10C in the discharge of  

a soft-pouch cell of 14 Ah 

 
 

 

 
 

 
Figure 2. Different profiles of charge at 1C, and 2C and 1, 2, 3, 5C in the discharge of 

a soft-pouch cell 20 Ah 
 
 

 

 
Figure 3. Voltage curves (0.5C and 1C) in the charge and 0, 3C and 2C in the discharge  

of a soft-pouch cell of 150 Ah 
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Figure 4. Comparison between OCV curves 
 
 

 
 

Figure 5. The comparison between the real temperature profiles and the analytical ones 
for different discharge rates (1C, 5C and 10C) applied to a 14-Ah cell 

 

 
 

  
 

Figure 6. A comparison between the real 
temperature range for a 1C charge and 

the analytical values calculated for  

the 14 Ah cell model 

 

Figure 7. Temperature behavior for different 
discharge rates (1C, 2C, 3C and 5C)  

of the 20-Ah battery 
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Figure 8. A comparison between the real temperature range for a 2C charge (acquired by an 

IR camera) and the analytical values (calculated) for the 20-Ah cell model 
 
 

 

 
Figure 9. Temperature behavior for different discharge rates (1C and 2C) of  

the 150-Ah battery 
 
 

Table 1. Report of thermal power calculated for each cell in a discharge state 
 14 Ah 20 Ah 150 Ah 

Charge @ 1C 3,0 W 10 W 37 W 
Discharge @ 1C 3,5 W 12 W 42 W 
Charge @ 2C 4,0 W 23 W - 
Discharge @ 2C 5,0 W 27 W 180 W 

Discharge @ 3C 6,5 W 42 W - 
Discharge @ 5C 8,0 W 170 W - 
Discharge @ 10C 21,0 W - - 

 
 

A study [4] provides a simulation framework that models a battery pack and examines 
the effect of replacing damaged cells with new ones. This simulation framework give a better 
optimized lithium ion battery pack design in EVs and makes long term deployment of EVs more 

economically feasible. Thus, car manufacturers will be able to determine how quick the battery 
pack in an electric vehicle needs to be serviced in order to prolong the pack life.  

A hierarchical system model of a network of fast charging stations (FCSs) from the 

viewpoints of both traffic and service network is proposed [5]. The study focuses on the Li-Ion 
battery model. The system performance of the proposed model is evaluated based on the 
Arizona state highway network, the Raleigh city network and the North Dakota state network.  

A study [6] adopted the Thevenin model to model the dynamic characteristics of the 
battery under the variable working mode. The battery parameters will change with time and 
working conditions. Thus, the diffusion resistance Rp and diffusion capacitance Cp are used for 

a dynamic response of the battery characteristics. 
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In general, the electric vehicle use is modelled using a variety of approaches in power 

systems, energy and environmental analyses as well as in travel demand analysis. Thus, a 
study [7] provides a systematic review of the diverse approaches using a twofold classification 
of electric vehicle use representation, based on the time scale and on substantive differences in 

the modelling techniques. BMS is used for the computation and monitoring of three key indices, 
namely, state of charge (SOC), state of health (SOH), and state of function (SOF) in EV [8]. The 
battery performance is analyzed based on the three states mention.  

A study [9] found that EV LIB reuse in stationary application has the potential for dual 
benefit-both from the perspective of offsetting initial manufacturing impacts by extending battery 
life span as well as avoiding production and use of a less-efficient PbA system. However, 

technical feasibility of these systems must still be evaluated. This shows that the ability to 
rapidly analyze the reliability of EV LIB cells, modules, or packs for refurbishment and reuse in 
secondary applications. 

Battery come in a cell, or a pack. A study [10] analyzes the power battery management 
system (BMS) for LiFePO4 power battery pack to detect the voltage and temperature of each 
battery at which CAN communication transmit the detection data to the touch screen 

microprocessor. BMS monitors and controls battery pack charging and discharging processes 
by setting up the charging parameters and charging mode, and transmitting the voltage and 
SOC information to motor controller respectively. The development of Battery Management 

Systems (BMS) is growing at a global level. Therefore, a review on  literature that is focusing on 
the BMS optimization such as MATLAB/SIMULINK for EVs (car) is conducted [11].  
This optimization enables model improvement on performance management of EVs.  

Pudvay (2014) found that the Battery Management System of an electric vehicle is an 
alternative energy for a significant focus with the increase in society’ s environmental 
consciousness and also with the impacts of the theory of peak oil and the public’s transportation 

costs associated with this phenomenon [12]. These authors claimed that BMS is useful and safe 
to monitor and control vehicles in different states of an alternative energy, such as Lithium 
based energy for the public. The specific characteristics and needs of the smart grid and 

Electric Vehicles (EVs), such as deep charge/discharge protec tion and accurate state-of-charge 
(SOC) and state-of-health (SOH) estimation, intensify the need for a more efficient BMS 
(Rahimi-Eichi et al., 2013) [13].  

Yuan (2015) designed a battery management system (BMS) for low voltage electric 
vehicle by adopting resistance shunt method to avoid over-charging the battery cells [14]. Once 
one of the faults of low voltage, over current and high temperature occurs, the Micro Control 

Unit (MCU) will shut down the whole circuit to avoid permanent damages of the battery  stack or 
even explosion events. MCU is a part of BMS or RTU device. These authors also used 
Extended Kalman filter (EKF) for high precision estimation of State of Charge (SOC), which is 

very important for remaining the cells working within appropriate State of Charge (SOC) and 
avoiding overdischarging the cells. The system has been tested so that it can maintain the 
battery stacks at a good state and improve the reliability and security of the electric vehicle. 

However, this BMS is limited for low voltage electric vehicles that can be improved to unlimited 
BMS voltage in advance. 

Hu (2015) studied and designed the power battery management system for LiFePO4 

power battery pack to ensure the safety of power battery pack and the cycle life extension of the 
battery pack [15]. Thus, these authors claimed a problem exists when one of the batteries 
voltage reaches the charging cut-off voltage, other battery voltage rises in stages, even though 

it has not reached the cut-off voltage, indicating it is not yet fully charged. The data validation 
process has been validated based on parameters used by validating the battery SOC parameter 
at different temperature and room temperature [16] for Li-Ion. Li-Ion battery SOC parameters 

include battery capacity and constant discharge time. This online data validation has been 
adapted from a study [17]. 
 

 
3. RTU Development for EV 

Aamir et al. (2015, 2014) design and implement an optimal Remote Terminal Unit 

(RTU) for wireless SCADA that is suitable for wide area operation essential for controlling and 
monitoring oil and gas sector, water and power industries based on FPGA which has resulted in 
reliable and reconfigurable RTU [18]-[19]. Thus, these authors claimed that extraction would 
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extract from the layout, the devices formed because of junctions of different semiconductor and 

metal layers and the interconnections. As FGPA is being used as the main processors, this 
extraction step has little practical value. 

Remote Terminal Unit (RTU) is a microprocessor-controlled electronic device that 

transmits telemetry data to a master system, and uses messages from the master supervisory 
system to control connected objects such as Battery Management System (BMS) for the electric 
vehicle (EV). A battery management system (BMS) manages a rechargeable battery (cell or 

battery pack), by protecting the battery from operating outside its Safe Operating Area, 
monitoring its state, calculating secondary data, reporting that data, controlling its environment, 
authenticating it and / or balancing it. A BMS may monitor the state of the battery as 

represented by various items, such as voltage, temperature, state of charge (SOC) or depth of 
discharge (DOD), state of health (SOH), coolant flow and current.  

In recent years, there has been much literature on RTU implementation. However, the 

RTU device development is limited to Power Distribution and Transmission System [20-31]. 
Thus, this work investigated and analysed the implementation of EV-RTU for the specific 
purpose in Electric Vehicles based on RTU development literature. 

Among the development of EV-RTU, the data speed is widely employed based on 
hardware designations for PIC, FPGA, and FPGA and FPAA. PIC microcontroller processes the 
data received and sends them to the Global System for Mobile (GSM) and saves the data in 

RTU memory. Then, Short Message Service (SMS) and Graphical User Interface (GUI) 
command [20]-[22] at which the GUI command is developed from Visual Basic (VB) [21]-[24] to 
take further actions. However, a number of studies show that significant differences do exist in 

the development of RTU for the data speed. FPGA gives results in reliable and reconfigurable 
RTU [24]. Moreover, FPGA and FPAA based RTUs are more compact and offer more immunity 
towards component obsolescence issues for more reliable and reduced power  

consumption [25]. 
Electric Vehicles (EVs) production comes in various type. There are Plug-In EVs 

(PEVs), Hybrid Electric Vehicles (HEVs), e-bike and others. These EVs have a range of 

distance to go from one destination to another destination based on the reliability battery 
capacity and battery type. In [32], from the theorithical-based, a larger battery used at less than 
full discharge can be more economic and last longer than a smaller capacity battery used at full 

depth of discharge. This factor influences the BMS design in EVs to extend the life cycle of the 
battery and mileage of the EVs. Besides, users have to ensure the correct assumptions 
regarding temperature, maximum voltage or full charge, minimum voltage or depth of discharge, 

and C rate of the battery. 
A few interviews have been carried out [33] to answer the question on how long do 

electric car batteries really last. Bill Wallace (respondent 1) claims that in extreme hot climates 

such as Phoenix, the Chevy Volt will last at least 10 years, 150,000 miles, and 6,000 cycles. 
The second respondent asserts that the financial savings of the Volt versus the non-EV vehicle 
depend on the time an electric battery’s charging period. Each interview most probably focuses 

on the performance of EV based on th battery use, Li-Ion. 
In 2016, a study [34] found how far electric car can travel on one charge for a few model 

of electric cars in UK. Based on the UK route, Tesla Model S is in the range of 311 miles, BMW 

i3 is in the range of 125 miles, Volkswagen E-Up is in the range of 93 miles, Nissan Leaf is in 
the range of 124 miles, Tesla X is in the range of 300 miles, Volkswagen Golf is in the range of 
80 miles, Kia Soul is in the range of 131 miles, Renault Zoe is in the range of 100 miles, Ford 

Focus in the range of 99 miles, and Nissan eNV200 is in the range of 110 miles from the first 
route of each EVs. It is not quite different in 2017, [35] found the top 10 EVs ranked by total 
driving range. 

How far EVs user can really go depend on a few factors. A study [36] found feedback 
from user claim on how long the battery charge will last as well as the route taken by users. 
Other EVs users claim that flat road and hot or cold weather influence the life cycle of the 

battery. There are many route growth as well as country development. Thus, a study [37] 
develops a more accurate range prediction for electric vehicles (EVs) resulting in a routing 
system. This routing system could extend the driving range of EVs through calculating the 

minimum energy route to a destination, based on topography and traffic conditions of the road 
network. 
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Sometimes road users have problem to find charging stations or plug in the car. 

Therefore, in a study [38] the research team at Korea Advanced Institute of Science and 
Technology (KAIST) in Daejeon has developed the on-line electric vehicle (OLEV) system. This 
system also face problem in terms when using wireless scheme that would be improved for 

further reseach. Electric Vehicles (EVs) give impacts to environment. Through this issue, a 
study [39] investigated the usefulness of different types of life cycle assessment (LCA) studies 
of electrified vehicles. This life cycle assessment (LCA) is analyzed to provide robust and 

relevant stakeholder information. 
Overcharging and overdischarging are a quite familiar problem in battery charging. A 

study [40] developed a network of fast charging facilities and coordinate service. This network of 

fast charging is used to facilitate the adoption of electric vehicles (EVs) and their plug-in hybrid 
(PHEVs) counterparts, and there is a strong need to avoid straining the capacity of the power 
grid. However, when the network has exceeded a critical threshold, the drivers receive and send 

back the necessary information through the communication infrastructure and the routing. BMS 
monitors and controls battery characteristics for charging and discharging process in EVs. 
Therefore, the battery life cycle is extended longer. EVs travel depends on battery life cycle. 

BMS and EVs need device to plan the destiny, time and cost for maintaining the battery life 
cycle. Thus, RTU development for an EV is recommended to plan BMS and EVs data. 

 

 
4. Conclusion 

Electric Vehicles (EVs) growth well in abroad. These EVs need energy power to move 

forward, backward, rightside, and leftside on the road.  Li-Ion battery acts as the main power 
source to place generator during electricity breakdown in EVs. The battery is monitored and 
controlled by the Battery Management System to perform the EVs movement. This paper 

reviews the battery technology that supports development of BMS in EVs, battery type in EVs, 
and RTU development. RTU development is also covered in this paper because the device is 
analyzed based on the implementation and development of the specific RTU that acts as time 

planning for the charging and discharging of the battery life cycle in EVs. Thus, the safety and 
performance in EVs is well-improved. 
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