
 

 

 

 

 

Copyright © 2014 IJEIR, All right reserved 

392 

 International Journal of Engineering Innovation & Research  

Volume 3, Issue 4, ISSN: 2277 – 5668 

An Efficient Switched Filter Compensation Low-Impact 

Scheme for EV-DC Drives 
 

E. Elbakush 
Electrical & Computer Engineering Sharaf Energy Systems, Inc. 

University of New Brunswick Fredericton, NB, Canada 

Email: e.elbakush@unb.ca 

A. M. Sharaf 
Electrical & Computer Engineering Sharaf Energy Systems, Inc. 

University of New Brunswick Fredericton, NB, Canada 

Email: profdramsharaf@yahoo.ca 
 

Abstract – This paper presents a new switched filter 

scheme and coordinated control strategy for a permanent 

magnet DC (PMDC) electric vehicle (EV) with an energy 

recovery free- wheeling scheme. The integrated DC drive 

scheme is fully stabilized using a FACTS-based efficient 

switched filter compensator (ESFC) that ensures a fully 

stabilized VD Bus voltage with reduced inrush current 

conditions under source and load excursions. The Lithium-

ion battery is utilized efficiently using the error-driven multi-

loop control strategy. The EV drive scheme is validated using 

a tri-loop weighted modified proportional integral derivative 

(WMPID) controller to control the DC/DC converter and the 

efficient recovery switched filter scheme. The paper presents 

the validation of the multi-loop WMPID controller for the 

Lithium-ion battery scheme for four-wheel DC drive using 

PMDC motors. The tri-loop dynamic error regulator is used 

to regulate the motor inrush current and prevent overload 

conditions, in addition to speed dynamic reference tracking. 

A four-quadratic DC/DC converter is employed to control 

the transient energy exchange from the Lithium-ion battery 

to the PMDC motor load. The second controller is a DC 

voltage dynamic tracking controller using the FACTS-based 

ESFC. The Lithium- ion battery, DC/DC converter, PMDC 

motor, and controller loops are fully modelled using the 

MATLAB/Simulink/Sim-powerSystemtoolbox environment. 

 

Keywords – Dual Regulation Weighted Modified PID 

Controller, Efficient Switched Filter Compensator (ESFC), 
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I. INTRODUCTION 
 

Highlight Lately, EVs have attracted a great deal of 

interest and are being marketed as a practicable solution to 

emerging energy concerns and environmental issues. 

These prospects have stimulated a great deal of research 

and development intended to make EVs practical. With 

improved motors and batteries, some EVs already perform 

extremely well, even when compared with internal 

combustion engine vehicles (ICVs) [1]. EVs are driven by 

AC and DC electric motors powered by rechargeable 

batteries. Electric motors have several advantages over 

internal combustion engines (ICEs). The EVs’ power 
electronics and connected control systems are the system 

components that will make EVs’ technology practicable 

[2], [3], [4]. 

The transportation sector is one of the major 

contributors to fossil fuel energy demand, air pollution, 

and greenhouse gases, which are major issues in view of 

the challenges associated with the supply of oil and 

expected higher gasoline prices, as well as tighter emission 

requirements. Therefore, the subject of alternative fuels for 

meeting the future energy demand of the transport sector 

has gained much attention due to the present energy and 

environmental concerns [5]. 

The main elements of EVs in general are the battery and 

drive system. The battery stores energy to be released 

when needed. The battery with DC-DC interface allows 

regenerative braking in the EVs and allows 

complementing a slow dynamic energy source, such as the 

fuel cell (FC). Benefits are drawn from these features in 

EVs based on FCs such as the Honda FCX Clarity. The 

battery management system (BMS) must ensure efficient 

management of the battery’s state of charge (SOC). To 
accomplish this, the designer of the BMS must have a 

detailed simulation of the EV’s traction system including a 
detailed model of the battery [6], [7], [8]. 

Recently, EV technology and market penetration have 

been sustained by a need to reduce fossil fuel energy 

demand and climate change due to carbon dioxide 

emissions, and decrease dependence on fossil fuels and 

combustion engine vehicles. Accordingly, the more 

effective and convenient solution is using the new 

generation of green electric vehicles (GEVs), which are 

charged by electric energy obtained from renewable 

energy sources. EVs are supplied by batteries, which can 

be recharged through connecting to external power 

sources. An exceptional issue in this regard is that these 

sources can be renewable energy supplies such as 

photovoltaic (PV) arrays, FC, and wind that feed EVs in 

vehicle-to-grid (V2G) power stations and vehicle-to-house 

(V2H) schemes [9], [10], [11], [7]. Several types of 

electric motors may be used for EV propulsion purposes. 

Earlier traction motors were exclusively DC motors, either 

series-excited or separately-excited. Recently, more 

advanced AC drive systems have foundapplication in EV 

propulsion using induction motors, permanent magnet 

synchronous motors, and permanent magnet brushless DC 

motors [12], [13]. 

Switched and active power filters (APF) and FACTS 

switched filter compensator devices have been proposed to 

increase power quality, eliminate line current harmonics, 

and improve power factor [14]. Accordingly, these devices 

can modify power factor and harmonic distortion in smart 

grids and battery charging systems. Taking this idea into 

account, a FACTS-based filter is proposed for plug-in 

hybrid and electric vehicles. A multi-loop dynamic error-

driven time- descaled weighted modified proportional 

integral derivative (WMPID) controller regulates the 

ESFC resulting in efficient, low-impact scheme for EV-

DC drives, in order to achieve the best performance. The 
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design challenge is the development of a fast dynamic 

control system that can stabilize the common DC Bus 

voltage and reduce inrush current conditions. The useof 

FACTS technology and power electronic devices can meet 

this challenge [15], [16], [17]. 

In this paper, the Lithium-ion battery scheme powering 

the PMDC EV motor drive system is fully studied. A 

PMDC motor is located on each wheel of the four-wheel 

EV and operated in full synchronism under various control 

strategies. The proposed EV scheme is controlled by a 

number of dynamic time decoupled control strategies. The 

WMPID regulating algorithms are utilized to track any 

reference speed trajectory under varying parameters and 

load conditions. The control system comprises four 

different regulators to track speed reference trajectory with 

minimum over/under current, inrush, and ripple 

conditions. The proposed optimized time descaled and 

decoupled control scheme has been tested for effective 

dynamical speed reference trajectory tracking, efficient 

power utilization, limited inrush current conditions, and 

reduced DC side transients and voltage excursions. 

 

II. SAMPLE STUDY SYSTEM 
 

Figures 1 - 2 show the proposed EV all-wheel PMDC-

drive system scheme with the Lithium-ion battery. The 

proposed drive system consists of six parts. These are 

Lithium-ion battery, efficient switched filter compensator, 

DC/DC chop- per, four PMDC drive motors, a free-wheel 

diode, and DC load. The DC compensator scheme is used 

to ensure stable, efficient, minimal inrush operation of the 

hybrid renewable energy scheme. The WMPID multi-

regulators and coordinated controller are used for the 

following purposes: 

1) Efficient switched filter compensator regulator for 

pulse width switching scheme to regulate the DC Bus 

voltage and minimize inrush current transients and 

non-linear volt-ampere load excursions characteristics. 

The ESFC device acts as a matching DC/DC interface 

device between the DC load dynamic characteristics.  

2) The speed regulator of the permanent magnet DC 

motor drive ensures speed reference tracking with 

minimum inrush conditions and ensuring reduced 

voltage transients and improved energy utilization.  

 

III. EFFICIENT SWITCHED FILTER 

COMPENSATOR (ESFC) 
 

In order to improve an efficient low-impact scheme for 

EV- DC drive performance, an efficient switched filter 

compensator comprising switchable capacitor is 

introduced at the DC Bus. The ESFC is also controlled to 

absorb ripple and reduce DC side current oscillations. The 

idea behind the controller is to detect major excursions in 

the motor and feed the errors to a pulse width modulated 

(PWM) block that in turn generates the switching pulses 

for the filter switches in accordance with the duty ratio and 

the error value [18]. The ESFC used and tested with the 

operation of the electric motor is shown in Figure 2. The 

ESFC control scheme is based on decoupled current and 

voltage components of the DC Bus. The ESFC must be 

connected across the DC Bus terminal to maintain 

constant DC voltage in order to allow operation of the 

WMPID controller with three control loops as shown in 

the Simulink model in Figure 3. The primary duty of the 

capacitor bank is to provide a voltage path, current path, 

and power path as shown in Figure 5. The input of control 

loop 1 is the Bus voltage, which produces an error with 

respect to the measured value, and then the error is used 

for voltage regulation. The input to loop 2 is the Bus 

current that has the same transfer function as the voltage 

loop. The input to loop 3 is the power loop that has the 

same transfer function as the voltage loop. The increased 

capacity of power electronic converters used in ESFC also 

allows for adequate sizing and optimized operation [18]. 

In this paper the effectiveness of the ESFC scheme is fully 

validated using MATLAB /Simulink /Sim-Power System 

digital simulation. All of the EV-drive scheme subsystem 

components used in the effective Lithium-ion battery-

powered PMDC motors used in the electric vehicle are 

sub-modelled individually using the MATLAB /Simulink 

/Sim-power System software environment and combined 

to establish the overall system model. The simulation of 

the proposed scheme has been carried out and the dynamic 

performance of the system is examined. 

 

 
Fig.1. Schematic diagram of the proposed all-wheel 

PMDC drive electric vehicle. 
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Fig.2. Schematic diagram of the all-wheel PMDC drive electric vehicle. 

 

 
Fig.3. Efficient switched filter compensator (ESFC) for 

DC Bus. 

 

IV. PMDC MOTOR 
 

Permanent magnet DC motors are useful in a range of 

applications, from battery powered devices like 

wheelchairs and power tools, to conveyors and door 

openers, welding equipment, X-ray and tomographic 

systems, and pumping equipment, to name a few. They are 

frequently the best solution to motion control and power 

transmission applications where compact size, wide 

operating speed range, ability to adapt to a range of power 

sources or the safety considerations of low voltage are 

important. Their ability to produce high torque at low 

speed make them suitable substitutes for gear motors in 

many applications. Because of their linear speed-torque 

curve, they particularly suit adjustable speed and servo 

control applications where the motor will operate at less 

than 5000 rpm Inside these motors, permanent magnets 

bonded to a flux- re-turn ring replace the stator field 

windings found in shunt motors. A wound armature and 

mechanical brush commutation system complete the 

motor. The permanent magnets supply the surrounding 

field flux, eliminating the need for external field current. 

The block diagram of the PMDC motor is illustrated in 

Figure (4). The parameters and symbols, which were used 

in simulating the system, are given in Appendix. The 

armature coil of the DC motor can be represented by an 

inductance (Lm) in series with resistance (Rm) and with a 

series induced voltage (em), which opposes the voltage 

source. Using Kirchhoff’s voltage law around the 
electrical loop can derive a differential equation for the 

equivalent circuit. 

( ) ( ) ( )a
m m a m m

di
V k R i k L e k

dt
  

   

(1) 

where ( ) ( ),m E m ae k K k i  
 
Constant; there for

 

E TK K
 

( )
( ) ( ) ( ) 0m

e m L

d k
T k J B k T k

dt


    

  

(2) 

The electromagnetic torque is proportional to the current 

though the armature winding and can be written as 

( )
e T a

T k K i
     

(3) 

The load torque is given by the nonlinear equation 

( ) 238.73LT k 
     

(4) 

Where, the coefficients and are chosen as given in the 

Appendix. The differential equations in state space form 

for the armature current and angular velocity can be 

written as 

1
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        

 

(5) 

Where Ia and ωmare motor armature current and speed. 

The values of the parameters used in PMDC motor 

modelling are given in the Appendix. Load torque is taken 

as generalized nonlinear torque term [19]. 

 
Fig.4. The block diagram of the PMDC motor  



 

 

 

 

 

Copyright © 2014 IJEIR, All right reserved 

395 

 International Journal of Engineering Innovation & Research  

Volume 3, Issue 4, ISSN: 2277 – 5668 

V. CONTROL STRATEGY  
 

In this paper, a new modified tri-loop time-descaled 

error- driven dynamic controller scheme shown in Figure 

6 is implemented for speed control of the PMDC motors. 

It comprises three basic loops, namely the main speed 

stabilization loop, the motor current dynamic error loop, 

and the supplementary dynamic momentum-tracking loop.  

 

The additional dynamic loops ensure energy efficient 

utilization and reduced current ripple content. The new 

modified tri-loop error-driven dynamic controller scheme 

shown in Figure 5 is implemented for ESFC to control and 

absorb ripple and reduce DC side current oscillations. The 

scheme comprises three basic loops, namely the main 

voltage stabilization loop, current dynamic error loop, and 

the power loop. The key parameters of the controller 

scheme are given in the Appendix. 
 

 
Fig.5. Tri-loop error-driven time-descaled WMPID dynamic controller for the common DC side ESFC scheme. 

 

 
Fig.6. Tri-loop error-driven time-descaled WMPID dynamic controller for speed control reference tracking. 

 

The total error signals (etA) and (etB) are the sum of 

these three basic dynamically-scaled loop errors 

represented by: 

( )t Vd Vd Pd Pd Id Ide A e e e        
  

(6) 

Im Im( )t m m M Me B e e e           
  

(7) 

The system control signal has the following form in the 

time 

0

2

( )
( ) ( )

( ( )) ( ( ) ( ))

t

t
c p t i t d

R t e t t

de t
V t K e t K e dt K

dt

e t e t e t

     

        


 (8) 

The tri-loop error-driven switched filter controller 

compensates for any dynamic oscillations in Bus voltage 

and motor current on the DC Bus. The loop weighting 

factors are assigned to ensure loop time scaling and 

dominant loop control action. The total error signal to 

ensure maximum power utilization of the tri-loop is driven 

through the WMPID controller that is used to compensate 

the dynamic total error in order to provide the control 

signals, which are then used to control ESFC. The control 

signals are then sent to the PWM generator through 

saturation to adjust the sequence of the IGBT/Diode 

switch triggering, which is shown in Figure 7. The control 
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gains (Kp, Ki, Kd, γe and γR ) are selected to minimize an 

objective function, which is used for flicker migration, 

voltage stabilization enhancement, efficient energy 

utilization, and controlling the speed of PMDC motors. 

The tri-loop dynamic controller is validated for voltage 

stabilization and dynamic reactive compensation using the 

MATLAB/SIMULINK/Sim-Power System toolbox 

software environment. 

 
Fig.7. New WMPID dynamic controller with error-

squared compensation loop. 

 

VI. PULSE WIDTH MODULATION 
 

Pulse width modulation (PWM) switching strategy, as it 

applies to motor control, is a way of delivering energy 

through a succession of pulses rather than a continuously 

varying (analog) signal. By increasing or decreasing pulse 

width, the controller regulates energy flow to the motor 

shaft. The motor’s own inductance acts like a filter, storing 
energy during the ON cycle while releasing it at a rate 

corresponding to the input or reference signal. In other 

words, energy flows into the load not so much at the 

switching frequency, but at the reference frequency. PWM 

is somewhat like pushing a playground-style merry-go-

round. The energy of each push is stored in the inertia of 

the heavy platform, which accelerates gradually with 

harder, more frequent, or longer-lasting pushes.  

 
Fig.8. The pulse width modulation waveforms. 

The kinetic energy is received in a very different manner 

than how it is applied [20], [21], [22]. The main advantage 

of PWM switching strategy is that power loss in the 

switching devices is very low. When a switch is OFF, 

there is practically no current, and when it is ON, there is 

almost no voltage drop across the switch. Power loss, 

being the product of voltage and current, is thus in both 

cases close to zero. PWM also works well with digital 

controls, which, because of their ON/OFF nature, can 

easily set the needed duty cycle. Figure 8 shows the 

waveforms of PWM. 

 

VII. DIGITAL SIMULATION RESULTS 
 

A Lithium-ion battery scheme is used to power four 

PMDC motors’ torque disturbances. EV-PMDC motor 

speed response and error for the different speed tracks 

using WMPID controller is shown in Figures 14, 17, 20, 

23. The dynamic motor torque is changed by changing the 

speed trajectory. Figures 15, 18, 21, 24 show the EV-

PMDC motor electrical torque and current for different 

speed trajectories using WMPID controller. Motor speed 

vs. electrical torque Te and motor speed vs. electrical 

torque Te vs. motor current Ia for different speed tracking 

are shown in Figures 16, 19, 22, 25. The Lithium-ion 

battery source is controlled using the tri-loop error-driven 

dynamic action filter using ESFC. Figures 9 - 11 show the 

MATLAB digital simulation results without and with the 

ESFC device for the voltage, current, and power at both 

Buses VB and VD. At the same time, Figure 12 - 13 show 

the MATLAB digital simulation results without and with 

the ESFC device for the voltage and the current total 

harmonic distortion (THD) % at both Buses VB and VD. 

Figures 26 - 27 show the simulation results with the ESFC 

for the voltage and current at VB and VD Buses under 

open circuit (OC) fault for 300 ms. The simulation results 

with the ESFC for the voltage and current at VB and VD 

Buses under short circuit (SC) fault for 100 ms are shown 

in Figures 28 - 29. Figures 30 - 31 show the simulation 

results with and without the ESFC for the voltage and 

current at VB and VD buses under RL load changing. The 

simulation results with the ESFC for the voltage and 

current at VB and VD Buses under PMDC-drive torque 

changing are shown in Figures 32 - 33. EV-PMDC motor 

speed response, error, electrical torque, and current for the 

first speed track under TL changing using WMPID 

controller are shown in Figures 34, 35. All the results 

indicated that the proposed modified controller is far 

superior compared to not using the controller in damping 

current and voltage excursions. The digital simulation 

results without and with the controlled ESFC device 

located at the VD Bus are used to show the voltage 

damping performance and Bus voltage regulation. The 

controller effectiveness in tracking different speed 

reference trajectories was tested for step reference and 

other trajectories. 
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Fig.9. Digital simulation results without and with ESFC 

for the voltage on VB and VD Buses under normal 

conditions. 

 

Fig.10. Digital simulation results without and with ESFC 

for the current on VB and VD Buses under normal 

conditions. 

 

Fig.11. Digital simulation results without and with ESFC 

for the power on VB and VD Buses under normal 

conditions. 

 
Fig.12. Digital simulation results without and with ESFC 

for voltage and current THD % on VB Bus under normal 

conditions. 

 

 
Fig.13. Digital simulation results without and with ESFC 

for voltage and current THD % on VD Bus under normal 

conditions. 

 

Fig. 14: Motor speed response and speed error for the first 

speed tracking. 
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Fig.15. Motor electrical torque Te and motor current Ia 

response for the first speed tracking. 

 

 
Fig.16. Motor speed vs. electrical torque Te, and motor 

speed vs. electrical torque Te vs. motor current Ia for the 

first speed tracking. 

 

 
Fig.17. Motor speed response and error for the second 

speed tracking. 

 

 
Fig.18. Motor electrical torque Te and motor current Ia 

response for the second speed tracking. 

 

 
Fig.19. Motor speed vs. electrical torque Te, and motor 

speed vs. electrical torque Te vs. motor current Ia for the 

second speed tracking. 

 

 
Fig.20. Motor speed response and error for the third speed 

tracking. 
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Fig. 21: Motor electrical torque Te and motor current Ia 

response for the third speed tracking. 

 

 
Fig.22. Motor speed vs. electrical torque Te, and motor 

speed vs. electrical torque Te vs. motor current Ia for the 

third speed tracking. 

 

 
Fig.23. Motor speed response and error for the fourth 

speed tracking. 

 
Fig.24. Motor electrical torque Te and motor current Ia 

response for the fourth speed tracking. 

 

 
Fig.25. Motor speed vs. electrical torque Te, and motor 

speed vs. electrical torque Te vs. motor current Ia for the 

fourth speed tracking. 

 

 
Fig.26. Digital simulation results without and with ESFC 

for the voltage on VB and VD Buses under OC fault 

condition. 
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Fig.27. Digital simulation results without and with ESFC 

for the current on VB and VD Buses under OC fault 

condition. 

 

 
Fig.28. Digital simulation results without and with ESFC 

for the voltage on VB and VD Buses under SC fault 

condition. 

 

 
Fig.29. Digital simulation results without and with ESFC 

for the current on VB and VD Buses under SC fault 

condition. 

 
Fig.30. Digital simulation results without and with ESFC 

for the voltage and current on VB Bus under RL load 

changing condition. 

 

 
Fig.31. Digital simulation results without and with ESFC 

for the voltage and current on VD Bus under RL load 

changing condition. 

 

 
Fig.32. Digital simulation results without and with ESFC 

for the voltage and current on VB Bus under TL changing 

condition. 
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Fig.33. Digital simulation results without and with ESFC 

for the voltage and current on VD Bus under TL changing 

condition. 

 

 
Fig. 34: Motor speed response and error for the first speed 

tracking under TL changing condition. 

 

 
Fig.35. Motor electrical torque Te and motor current Ia 

response for the first speed tracking under TL changing 

condition. 

VIII. CONCLUSION 
 

A Lithium-ion battery-powered PMDC-EV drive 

scheme with dynamic multi-regulator control strategy is 

fully validated using the MATLAB/Simulink/Sim-Power 

System software environment. The common DC Bus 

scheme feeds power from a Lithium-ion battery to a four-

quadratic DC/DC converter to regulate the PMDC motor 

all-wheel drive and the ESFC. The FACTS-based efficient 

switched filter compensator and control strategy ensure 

voltage stability with damped inrush current conditions 

under battery and hybrid load excursions. The Lithium-ion 

battery powered EV’s drive excursions are fully 
compensated for using the ESFC and coordinated inter-

coupled multi-loop error-driven dynamic controller. This 

ensures efficient battery source operation. The paper also 

presents a WMPID controller with error-squared 

compensation to control the four-quadrant DC/DC 

converter pulse width modulation as well as the ESFC 

using a dual regulation dynamic error-driven time-

descaled WMPID multi-loop controller. The Lithium-ion 

battery-powered EV with all-wheel DC drive with the tri- 

loop dynamic error-driven speed regulator is used to track 

reference speed with minimal inrush currents and 

overloading conditions. The four-quadratic DC/DC 

converter is employed to match and control the power 

transfer from the Lithium- ion battery source to the four 

PMDC motors. The unified DC electric drive system is 

validated using the MATLAB/Simulink/Sim-Power 

System software environment under DC load excursion 

and sudden motor torque changes. The Lithium- ion 

battery drive system with the ESFC and multi-regulator 

error-driven multi-loop controller were validated for the 

efficient utilization of Lithium-ion battery and dynamic 

speed reference tracking with minimal overshoot, inrush 

currents, and overload current conditions. 

 

APPENDIX 
 

Parameter Value 

Rf 0.01Ω 

Rs 0.15Ω 

RL Load 25Kw 

Lf 3mH 

Ls 3mH 

Cs 200μF 

Cs1 500μF 

Cf 8500μF 

Cd 8000μF 

PMDC motor Value 

Ra 0.005Ω 

La 0.012H 

Ke 0.6366N.m/A 

J 0.25Kg.m
2
 

Bm 0.03N.m.s 

Lithium-ion Battery 240V, 450Ah, S.O.C %100 
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