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Abstract-The commercial penetration and expansion of EV are restricted by various barriers such as Energy Storage System 

(ESS), driving range, Power Electronic Interface (PEI), charging station and high initial cost. Research related to ESS helps in 

solving the various research challenges associated with it. Since last decade, researchers are aiming at hybridizing different 

energy storage technologies. In fact, hybridization of different energy storage systems has proved to be the promising solution 

in improving the driving range, extending the battery life span by mitigating the stress, increasing the power train efficiency, 

lowering the cost and weight of ESS. A fuel cell model was developed and then to get the required energy level, a module was 

made using this fuel cell. The sharing of power between Ultracapacitor and fuel cell was again analysed and checked for 

optimal sharing of energy which will allow the Ultracapacitor to share more during the acceleration when peak current is in 

demand by EV. To get the optimal energy management of the HESS, a Hybrid Optimization Algorithm was developed which 

consists of a novel control strategy and optimization technique to analyse for efficient energy management of HESS for 

maximum energy utilization by electric vehicle. The MATLAB/SIMULINK software was used to validate the implementation. 

The complete energy management scheme which utilizes the proposed novel LSTM management scheme making it an 

efficient management scheme and at the same time the life of the primary energy source of Electric Vehicle is protected from 

easy damage and fuel starvation. 
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I. INTRODUCTION 
 

The introduction of Electric Vehicle (EV) ensures a 
significant revolution in human life. The number of EV 

users is estimated to be more than one billion numbers by 

the year 2010. The yearly manufacturing of EVs keeps 

growing, as per the OICA statistics about 90 million EVs 

were manufactured in 2015. The Internal Combustion 

Engine (ICE) vehicles are becoming the most basic part of 

modern life. ICE is the largest source for the liberation of 

greenhouse gases. Roadways contribute around 90% of 

carbon-monoxide, 40% of nitrogen oxide, and 25% of 

carbon-dioxide emission [1].  

 

Atmospheric air effluence considerably harms human 
health. It is found in WHO reports that almost 7 million 

human being deceased by the year 2012 because of air 

contamination. Today's anxiety about the atmospheric 

situation, in exact exhaustion of greenhouse gases 

emissions, motivates the automotive manufacturers to 

refurbish their attention in EVs.  

 

Primarily EVs are having lower driving distances and poor 

vehicle performances because of its limited power and 

energy capacities of energy storage systems. In the past 

few decades, global environmental issues and poor 
efficacy of the ICE based passage have improved the 

curiosity in vehicle electrification. Recently, the United 

States government's department of EV took an initiative to 

offer funding for the growing battery technologies, new 

extensive power semiconductor devices and power 

electronics technologies.  

 

New opportunities are set for the electrified transport. 

Those opportunities helped to minimize EV's Energy 

Storage Systems (ESSs) costs to half of its cost over the 
last few years. The other characteristics of batteries such 

as its energy and power handling capacity, its durability 

must also be improved in addition to batteries cost. This 

may further ensure the development of EVs worldwide 

[2].  

 

All EVs are driven fully on electrically powered, usually 

use single or many electrical motors with a huge ESS. The 

charging of battery is associated with plugging the vehicle 

chord either at home grid or private charging locations. 

EVs are free from fuels since they do not rely on ICEs.  

 
Hybrid Electric Vehicles (HEVs) and Plug-in HEVs 

depend on dual ESSs, usually, ICE and battery-powered 

electrical motor driven vehicle. ICE may also be utilized 

to charge the battery. In the case of HEV, the battery pack 

used for propulsion must be replaced once it is drained 

since it cannot be plugged in for charging [3].  

EVs hold numerous benefits above the conventional ICE 

vehicles. To begin with, the energy efficiency of EVs is 
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far more. Around 21% of the gasoline energy can be 

converted usefully as driven power whereas in the case of 
EVs around 62% of battery energy can be utilized to drive 

the vehicle wheel. Then, EVs are clean, green and eco-

friendly. EVs are subjected to zero tailpipe release of 

greenhouse gases. EVs promises for silent and smooth 

traveling since it uses electrical machines. Lastly, it 

necessitates less repairs and maintenance than ICEs [4].  

 

II. CHALLENGES IN EV DEVELOPMENT 

 
EV faces several challenges associated with ESSs. EV can 

have a traveling distance of 50 to 200 miles per charging 

of its storage device whereas ICEs can have the capability 

of traveling up to 300 miles per fueling. Most of the EVs 

possess heavier batteries to make the vehicle run for 
longer range but that may lead to the considerable usage of 

vehicle space. Also, the vehicle cost related to high rated 

battery is more. In general, the average life span for any 

type of batteries is around 10 years or less.  

 

Vehicles are subjected to frequent starts and stops as per 

thedriving conditions. It leads to instantaneous charging 

and discharging of battery. This frequent charging and 

discharging in batteries may further deduct the battery 

lifetime of batteries [5].  

 
Fueling the full tank for an ICE may take just about few 

minutes whereas, for an EV, it takes hours together for a 

single full charging of a battery. At present, the 

automobile companies use Li-ion batteries as their main 

ESS to meet out the vehicle demanded power and energy. 

EVs recently prefer the batteries with better performance 

i.e. with higher energy density and longer life. In existing 

EVs, the ESSs are huge sized to provide higher energy and 

avoid undesirable reduction in the lifetime of batteries 

owing to motoring and braking.  

 

Instead of using the main source alone as ESS, an extra 
source called an auxiliary source can be introduced with 

main ESS may result in complementary advantages of 

both in EVs. There exits different ways of hybridizing 

ESSs in EVs and HEVs.to make use of its complementary 

features. Some of the ways of hybridization are „battery – 

UC', „fuel cell – UC – battery', „battery – fuel cell' etc. 

This thesis mainly concentrates on battery – UC 

hybridization.  

 

Batteries possess higher energy densities and UC has 

higher power densities. So an integration of both can aid 
better for average and transient driving power demands 

required by the EVs. The EV performances are better in 

battery – UC hybrid vehicle than battery alone powered 

vehicle. It can also have the capability of ensuring less 

weighted and small-sized ESS since battery is not meant 

for full load demand. It is taken care of by an auxiliary 

source UC. Battery – UC hybridization can also improve 

battery lifespan since the peak demand in power can be 

supplied by UC. It also has the potentials for improved 

transient performance and relief from the battery's internal 
temperature rise [6, 7].  

 

Energy Management Control Strategy (EMCS) plays a 

significant concern in hybridization since it has a 

considerable impact on the HEVs performances. An 

optimum EMCS must offer several benefits like reduction 

in the consumption of fuel, greenhouse gas emissions and 

increased driving performances of the vehicle.  

 

HEV is hybridization between ICE and battery powered 

electrical motor. EMCS in such vehicles is necessary to 

divide the power among ICE and motor. The most 
important objectives of EMCS in those HEVs are related 

to the reduction in emission of gases and to optimize the 

consumption of fuel. In the case of EV, battery and UC 

hybridization is meant for sharing the power demand 

among battery and UC. EMCS in those vehicles must be 

designed to have reduced energy consumption from 

battery for the improvement in vehicle traveling range and 

to minimize the battery stress for increasing the lifespan of 

battery. However, this thesis focuses mainly on 

hybridization between battery-UC, the work, and its 

design features that can be implemented to any other way 
of hybridization systems. 

 

III. RELATED WORK 
 

The basic configuration of the battery power electric 

vehicle is as shown in Figure 1 [8]. The essential parts in 

battery powered EVs are its ESS, power electronic 
converters and electric traction motors. Battery pack, fuel 

cell, and UC are the ESSs used in vehicle applications. 

The control of power among the ESSs is carried down by 

the electronic control unit (ECU). The effective working 

of ESSs depends on its EMCS.  

 

Fig 1. Configuration of Battery Powered Electric Vehicle. 

1. Energy Storage Technologies: 
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Amongst several critical factors battery's state of charge 

(SOC) acts a key part. Measuring the battery's SOC 
directly is not possible. It strongly believes in the chemical 

composition. Modeling of a battery cell is essential for the 

proper estimation of SOC. Whenever the battery is 

exposed to overcharging or over discharging; it can highly 

damage the internal components of the battery.  

 

Those charging and discharging characteristics of batteries 

may lead to the reduction of its lifespan. Hence it is 

important to prevent the batteries from those damages. 

There are many emerging techniques available for 

estimating the battery SOC and each of them possesses its 

pros and cons.  
 

Internal Resistance Model (IRM) could able to define the 

power handling capacity of the battery with respect to 

Open Circuit Voltage (OCV). Battery's ohmic resistance is 

designated by Ri. The other important models are RC 

model and Thevenin's circuit model. The current 

represented in negative sign denotes the discharging 

current [9]. 

 

Constant current pulse charging and discharging tests are 

generally used for obtain static parameter by knowing the 
immediate change in battery voltage and the step current 

applied. Dynamic parameters involve in time constants, 

hence uses the battery voltage long response as segment to 

estimate the model dynamic parameters. A French 

scientist, Gaston Plante developed a most interesting 

battery called lead acid by the year 1859. Positive 

electrode be made of lead oxide (PbO2) negative electrode 

be made of lead (Pb).  

 

The battery electrodes are separated from each other by 

the use of Sulphuric acid (H2SO4).Here, Ro is designated 

as ohmic resistance of a battery cell. Cn specifies the 
nominal capacitance. Voc signifies the open circuit 

voltage. Cs denotes the discharging current owing to the 

effect of electrode material. Vcs is the surface capacitor 

voltage. Re, Rt, and Rs are the end, terminal, and surface 

resistance respectively. Cp and Rp are the capacitance and 

resistance of the electrochemical polarization. Ri is 

denoted as an input ohmic resistance.  

 

In most cases, batteries are subjected to a very high 

intermittent load power. That may lead to bigger and 

heavier batteries with shorter lifespan. However, the 
customer's attraction is always towards lead acid ESS 

because of its cost. Most of the traded batteries are handy 

and portable. The performance of Li-ion in the current 

scenario is higher because of its lesser mass, higher energy 

density, least self-discharge, appreciable life cycle, and 

better output voltage. The most widely used cathodic 

material in Li-ion batteries is LiCoO2, LiMnO4, and 

LiNiO2. The positive electrode of Li-ion batteries is made 

up of graphite.  

Speedy charging of battery is necessary in all applications. 

Nickel-cadmium battery has the capability of doing fast 
charging. The electrode plates of the Ni-Cd battery is 

coated with metallic Cd and nickel oxide hydroxide 

NiO(OH). It also has certain other potentials such as 

reduced battery heat, longer storage capability, and life 

duration. Harmful to the environment is the major problem 

arises in NiCd battery. 

 

Active materials required for the flow batteries are stored 

externally. Cell stacks are capable of circulating the active 

materials into the battery whenever it is required. An 

example of such a battery is zinc/chlorine. Here, chlorine 

is distributed into the battery. Few further other flow 
battery is also reviewed under this chapter. The invention 

of Vanadium REDOX Flow Battery (VRFB) is made in 

1984. (+)ve electrode is coated with V4+/V5+ and the (-

)ve electrode is coated with V2+/V3+.  

 

Here, H2SO4 is acting as an electrolytic medium. Its basic 

characteristics include efficiency of (70%-85%), specific 

energy of (10 Wh/kg – 30 Wh/kg) and lifespan of about 

(12000 cycles – 14000 cycles) [11].  

 

Another flow battery is Polysulfide bromine which 
possesses a double combination of an electrolytic solution. 

They are NaBr and Na2Sx. Exchange membrane is made 

up of a polymer type of chemical [12]. Its basic 

characteristics include efficiency of (60%-77%), specific 

energy of (10 Wh/kg – 50 Wh/kg) and lifespan of about 

(2000 cycles).  

 

There exist various forms of Electric Double-Layer 

Capacitors (EDLCs). UC works unlike the normal 

capacitors since they ensure very high capacitance. Also, 

the energy density of UC seems to be very high than 

normal capacitors. The table reveals the distinct electrical 
characteristics of the battery and UC. Whenever the 

vehicle is subjected to sudden motoring action, it requires 

more current from the source. UC might power such high 

current required as well as very high voltage.  

 

Hence UC is exposed to frequent charging and discharging 

which may result in quick changes in SOC of UC. The 

operating temperature always lays between the range of -

40◦ C to +70◦ C in UC. Which is comparatively very high 

than any other batteries. Using UC alone in EV does not 

offer a better solution. Hence battery-UC hybridization 
can have good performance in EV applications. Figure 1.3 

(a) signifies the electrical characteristics of batteries and 

UC [13]. 

 

2. Electric Motors: 
Several kinds of electric motors are being utilized in EV 

applications. In numerous conventional EVs, Direct 

Current motors are greatly used but then owing to the 

recent scientific improvements many other special 

electrical machines are also employed.  
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Conventionally, DC motor seeks greater attention in the 

automobile sectors because of its simplest construction 
and flux and torque decoupling. Presence of brushes and 

rings leads to repairs and maintenance issues in DC motor. 

In the case of operations under field weakening mode of 

separately energized DC electrical motor, the flux and 

torque decoupling is better. Therefore strong 

recommendations for DC motors are observed in EV 

applications. The torque required by the motor shaft is too 

high; the motor gets operated under very low speed with a 

continuous supply of power [15]. 

 

These motors are heavier in weight and very expensive. It 

is not suited for a single transmission gear systems. 
Overall DC motors possess less efficiency, heavy-

weighted, least reliable and more costly. Under low speed 

operation, DC motor has better torque handling capability.  

AC motors have certain good features than DC motors. 

They are highly reliable and less repairs and maintenance. 

EVs are looking for wide-ranging of speed and its control. 

Speed of the induction motors can be controlled by field 

orientation and vector control.  

 

It can also run better with enhanced dynamic 

characteristics. The efficiency of the induction motors is 
considerable very less when it is forced to run at very high 

speeds. It is noted that its efficiency is reduced 

considerable if it is operated at high speed. The 

attractiveness of the induction motor mostly belongs to its 

enhanced dynamic characteristics, rugged construction and 

reliable working [16].  

 

ABB established a special electrical machine called 

Synchronous reluctance which creates attention on the 

development of EV performance. When the design and 

working of synchronous reluctance is compared with 

induction motors, synchronous reluctance motor with a 
frequency converter requires less maintenance and cost. 

An innovative rotor design of this motor has contributed 

the least losses and high power. The combined features of 

permanent magnet DC motor (PMDC) and induction 

motor can be obtained from synchronous reluctance. 

Frame size of SRM is less than the induction motor [17].  

 

Switched reluctance motor (SRM) needs a single magnetic 

field which is considered to be a distinct feature than other 

motors. Based on the position of minimum reluctance, a 

torque is produced. Choice on the number of stator-rotor 
poles and frame size is the key part of the design 

procedure of SRM. The number of stator-rotor poles must 

be high to decrease the noises. This makes a challenging 

impression in the field of power electronic controllers.  

 

Robustness in operation, less expensive and simplest 

construction is the major advantages of SRM. Though it 

possesses many advantages, more acoustic noises and the 

requirement of special power controllers are some of the 

disadvantages in SRM [18].  

3. Hybrid Energy Storage System Topologies: 
In common, the design of hybrid ESSs relies on three 
distinct conditions: operating ranges of UC voltage, 

restrictions in power controllers (energy losses and cost 

associated problems) and Requirement of low voltage 

rated battery packs. Various researches are ongoing in the 

fields of the above conditions.  

 

Active topology contains dual DC/DC power electronic 

converters between UC and battery bank respectively as 

depicted in Figure 1.5 (a). It promises for higher accuracy 

while splitting the power among the power sources. The 

controls of power between the sources are well managed 

in active topology. It is highly flexible in operation and 
has better stability. Fluctuation current and voltage related 

issues can be best solved by this topology. The major 

downsides found to be the control system complexity and 

usage of more number of semiconductor switches.  

 

A DC/DC boost converter is linked in series with UC. The 

power that UC needs to be supplied can be effectively 

controlled in this topology whereas the remaining power 

that battery supplies is uncontrollable. Less ripple voltage 

is maintained in the DC-link line. The rating of the power 

converter used in this topology must be higher rated since 
it must meet out the peak power required by the vehicle. 

 

4. Energy Management Control Strategies: 
The foremost challenge in HEVs is efficiently dividing the 

demanded load among the main source (battery) and an 

auxiliary source (UC). The splitting of power between the 

ESSs must be optimum enough for the proper performance 

of the vehicle. The control strategies depend on many 

control equations that rely on several controlling factors 

like travel length of the vehicle, driver's driving behavior, 

the SOCs of the ESSs, electric motor drives, etc.  

 
The uncertainties in driving a vehicle may make the 

factors to affect the performance still worse. In the case of 

real-world driving situations, the travel length of the 

vehicle, the stresses in batteries and many other factors are 

not known. Those are some of the restrictions for 

designing the EMCS. 

 

The foremost intentions in the hybridization of ESS are to 

split the power among ESSs to meet out the demanded 

power, maintain the charges in ESSs, extend the lifespan 

of the battery and increase vehicle efficiency. A better 
EMCS must able to manage the power split-ups 

effectively. Various EMCSs have been suggested and 

analyzed in many literatures for splitting the power 

between ESSs. Several different sources of power such as 

battery with ICE, battery with UC, battery with fuel cell, 

battery, and fuel cell with UC, etc. are hybridized. Their 

merits and demerits are also discussed in this section.  

 

The major categories of ESS proposed in the literature are 

rule-based and optimization-based techniques. Further 
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deterministic and fuzzy-based approaches are the 

subcategories of rule-based techniques. The various 
control strategies are depicted in Figure 1.6. Most of the 

vehicle manufacturers are looking for easy and simply 

energy sharing techniques. There was numerous research 

articles presented with different EMCSs [24].  

 

Thermostat or „ON/OFF' strategy depends on the state of 

charge (SOC) of ESS [25]. A scheme with two levels of 

power management: i. long term with rule based control 

(RBC) and ii. Short term with meta-heuristic method was 

implemented by Travao et al.[26].  

 

Gokce et al. proposed an RBC control to split the power 
among ESS. Based on the operating mode of the vehicle, 

the weighing factor is calculated. Based on the weighting 

factor the amount of power from the ESS is decided by the 

rule table. The author's proposed strategy can guarantee a 

reduction of 25% of discharge current and 50% of charge 

current [27].  

 

A fuzzy based supervisory algorithm was introduced by 

Ferreira et al. It can efficiently regulate peak and average 

power demands from ESS [28]. Garcia et al. considered 

basic, cascade, equivalent consumption minimization, 
fuzzy logic and model predictive controls in their work 

and concluded equivalent consumption minimization 

control offers a better solution for heavy powered vehicle 

[29]. 

 

IV. PROPOSED DESIGN 

 
To the statement let us take an example, in a framework 

where the speed is controlled, the speed information of the 

engine shaft are contrasted with the reference information, 

and as per the standards, the is power of the engine can be 

expanded or diminished. In these situations or 

circumstance, a regulator is required. 

 

 
Fig 2. Proposed Model. 

The model contains: 

 Fuel Cell  

 Battery  

 Ultra-capacitor 

 DC to DC Boost Converter 

 SVPWM Inverter 

 

Mathematical models should incorporate flow rates since 

flow rates impact how much hydrogen and oxygen may 

reach the catalyst sites. This, in turn, affects the amount of 

power generated by the plant. 

 

 The amount of reactant that reaches the catalyst sites 
is also determined by the temperature and pressure of 

the reactants.  

 The load placed on the fuel cell determines the 

required flow rate and weight fraction of reactants. 

 

The accuracy of a model is solely dependent on the 

assumptions that underlie it. To fully grasp the model's 

limits and properly interpret its output, each assumption 

must be carefully examined.  

 

The following are typical fuel cell model assumptions:  

 Ideal gas characteristics 

 Flow that cannot be compressed 

 Flow in a laminar plane 

 There is a minimal ohmic potential drop in the 

components, and the mass and energy transport 

models are based on volume-averaged conservation 

equation 

 

Fuel Cell Model Equations 

Fuel cell chemical reaction of anode & Cathode 

 

..... (1) 
 

Fuel cell voltage equation 

 

....(2) 

Fuel cell current equation 

 

........ (3) 
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Fuel cell power equation 

........ (4) 
 

The majority of fuel cell modeling equations may be 

applied to a wide variety of fuel cell types and geometries. 

Even the simplest fuel cell models may reveal a great deal 
about what makes a fuel cell system work well or not at 

all. Comparison of current densities regardless of the 

average normalized root mean square deviation is 0.02 

with the standard deviation of 0.04. The temperature effect 

is obscure with the best performance value 0.9 for the I/C 

ratio. 

 

V. RESULT ANALYSIS 

 
The result is anlysis for controlling of maximum electric 

viechles in the domestic system . In this section , We enlist 

Fuel cell, ultra capacitor and batteries output in terms of 

current, voltage and power. The LSTM controller applied 
to controller the power output from these sources and 

delivered to applied variable load. 

 

 
Fig 3. AC Current Single Phase Load HESS. 

 

AC Current for Single Phase Load in HESS system is 

shown in fig 3. Initially current starts from 11 Ampere for 

0.05 sec. But it increase to 14 ampere throughout the time 

period.  
 

VI. CONCLUSION 

 
HEV control elements including EMCS, vehicle model, 

battery SOC statuses, and UC were examined to see if they 

affected HEV performance characteristics like ECR and 

battery stress during a real-time driving cycle. The least 

amount of ECR and battery stress is projected for the 

optimum control variables when they are all used in 

conjunction together.  

The following is a summary of the findings from the 

analysis: The proposed system is subjected to work under 
standard driving cycles. It is found that for 400s EUDC 

driving cycle with active topology under FBC, vehicle 

consumes energy around 58.75Wh and a reduction in 

battery stress of about 56.7% produced during battery 

alone system. Similarly, it is observer for 390s ECE cycle 

consumes energy around 38.42Wh and a reduction in 

battery stress of about 63.5% produced during battery 

alone system.  

 

Since active topology outperforms better than other, the 

results obtained for active topology is presented. FBA, 

vehicle model 2, low SOCBAT, and high SOCUC are the 
best control variables for lowering ECR. SOCUC, RBA, 

vehicle model 2, and low SOCBAT values were shown to 

be optimal for reduced battery stress. 
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