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Abstract—Plug-in hybrid electric vehicles (PHEVs) potentially 
have the capability to fulfill the energy storage needs of the 
electric grid by supplying ancillary services such as reactive 
power compensation, voltage regulation, and peak shaving. 
However, in order to allow bidirectional power transfer, the 
PHEV battery charger should be designed to manage such 
capability. While many different battery chargers have been 
available since the inception of the first electric vehicles (EVs), 
on-board, conductive chargers with bidirectional power transfer 
capability have recently drawn attention due to their inherent 
advantages in charging accessibility, ease of use, and efficiency. 
In this paper, a reactive power compensation case study using 
just the inverter dc-link capacitor is evaluated when a PHEV 
battery is under charging operation. Finally, the impact of 
providing these services on the batteries is also explained. 
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I.  INTRODUCTION  
Today, hybrid electric vehicles (HEVs) offer customers a 

way to increase gasoline mileage by having batteries and 
electric drive systems assist the internal combustion engine. 
However, HEVs lack the availability to go for more than just 
short distances at low speeds with only electric power because 
the battery is not capable of storing enough energy to power 
the vehicle for a daily commute. PHEVs provide electricity-
only drive option up to a specified distance, and they can help 
reduce carbon emissions as well as other pollutants [1].  

While PHEVs will provide economic and environmental 
benefits, they can also offer a potential source of energy 
storage which is valuable to the electric power grid. The 
possibility of using battery-powered vehicles to support the 
electric grid has been studied for more than a decade [2].  
Recent papers including [3-5] have discussed several 
topologies and control methods that can perform bidirectional 
power transfer using a PHEV as a distributed energy resource. 
However, there has not been much technical analysis about 
reactive power compensation using bidirectional PHEV 
chargers as well as the effects of such a power support on the 
PHEV’s battery and charger system components.  

The purpose of this study is to examine a PHEV charger 
system to utilize it for reactive power support to the grid. The 
authors investigate different scenarios to deliver the stored 
energy from vehicle to grid (V2G) and explain the effects of 
this usage on the vehicle traction battery and the charger dc 

link capacitor. In the following section, authors discuss battery 
charger types briefly. Later, an analysis introduces the 
dynamics that govern bidirectional power flow in the system 
and shows how to control the on-board vehicle charger to 
provide reactive power to the electric grid. The battery of a 
PHEV can be used for ancillary services such as peak power 
shaving and reactive power support. However, in the 
simulation section of this paper, it is observed that compared 
to peak power shaving, reactive power regulation causes no 
degradation at all on battery life, since the dc link capacitor is 
enough for supplying full reactive power for level 1 charging 
and therefore the PHEV battery is not engaged in reactive 
power transfer.   

II. ELECTRIC VEHICLE CHARGERS 
Battery chargers play an important role by maintaining the 

condition and health of the battery while utilizing it for the 
best performance. A battery charger is a device that is 
composed of one or more power electronics circuits used 
to convert ac electrical energy into dc with an appropriate 
voltage level so as to charge a battery. It has the potential to 
increase charging availability of the PHEV since it can operate 
as a universal converter accepting different voltage and power 
levels. In addition, a battery charger should prevent 
overcharging from happening. Especially for lithium-ion 
batteries, the charger warrants a sophisticated charging control 
algorithm to avoid overcharging [6]. Also, balancing the 
battery cells requires special circuitry. Consequently, the 
charger should protect the battery from over-current, over-
voltage, under-voltage, and over-temperature [7]. 

A PHEV battery can be charged either by a separate 
charging circuit or via using the traction drive that serves to 
power the electric motor. The first EVs used the former 
method. Since this option requires an extra charging circuit, it 
increases the total cost of the vehicle (if the charger is on the 
vehicle) or it requires a dedicated charging station (if the 
charger is off the vehicle). If the charger is on-board, it can be 
optimized to accept different charging levels as well as to 
match different vehicle battery requirements. With an on-
board charger, a vehicle can be charged at any outlet that is 
available at home garages or workplaces with ground 
protection [8]. Availability of such charging places will 
increase the acceptance of PHEV technology.  



On the other hand, off-board chargers make use of fast 
charging and can charge a vehicle in a considerably shorter 
amount of time. It is possible to charge a battery in 10 minutes 
to increase its state of charge (SOC) by 50% with an off-board 
charger rated at 240 kW [9]. Also, according to Nissan, its 
Leaf electric car, which will be on the road in 2010 and mass 
produced in 2012, can be charged up to 80% SOC of its 24 
kWh Li-ion battery pack in around 30 min at a quick charge 
station [10].  

Since on-board chargers’ power rating is limited due to 
space and weight restrictions on the vehicle, it takes much 
more time to fully charge a vehicle battery compared to off-
board chargers. However, an integrated on-board charger 
utilizing the traction inverter can charge the battery at high 
power levels that reduce the charging time [11]. Using these 
types of chargers which are classified as Level 2+ chargers, it 
takes about one hour to put 80% SOC to a battery rated at 30 
kWh [12]. Not only do integrated chargers connect the 
vehicle’s battery to most available standard 120V and 240V 
outlets, with special configuration it also couples a PHEV to 
an off-board charger if faster charging is needed [11]. 
However, since integrated chargers use motor inductance as 
inverter input inductance by connecting the neutral point of 
the motor to the grid, the inductance of the motor may not be 
the optimal value for the inverter operation. Also, this design 
causes the majority of the losses to be the copper losses of the 
motor windings [5]. 

An additional point a charger can offer is the capability of 
transferring power not only from grid to vehicle but also from 
vehicle to grid so that each car would operate as a distributed 
power source. 

In summary, on-board, conductive chargers with 
bidirectional power transferring capability have recently 
drawn attention due to their inherent advantages in cost, 
charging accessibility, ease of use and efficiency. The 
following section will present the theoretical analysis of an on-
board, conductive charger to utilize it in bidirectional power 
transfer.  

III. THEORETICAL SYSTEM ANALYSIS OF BIDIRECTIONAL 
POWER TRANSFER BETWEEN A PHEV AND THE GRID 

A. Grid-Inverter 

The PHEV charger that is analyzed in this study is 
composed of a full-bridge inverter/rectifier and a dc-dc 
converter. The analysis will start by investigating the 
interaction between the grid and the inverter. In order to 
understand all the dynamics, the basic ideal case is introduced 
with several assumptions that will make the computation 
much easier. During the analysis, the positive current direction 
will be assumed to be from grid to the inverter as shown in 
Fig. 1. Therefore, positive power sign (P = active power and  
Q = reactive power) corresponds to the power flow from grid 
to the inverter. The system parameters are given as follows: 

 
)(tvc  instantaneous charger voltage [V], 
)(tvs  instantaneous grid voltage [V], 

)(tic  instantaneous charger current [A], 
cL coupling inductor [H], 

δ phase difference between )(tvc and )(tvs ,  
θ phase difference between )(tic and )(tvs . 

 
Root mean square (rms) values of the instantaneous variables 
are given in capital cases throughout this study. 

The grid voltage is assumed to be purely sinusoidal, and 
high frequency components of inverter output voltage, vc(t), is 
neglected for analysis purposes as shown by the following 
equations: 

)sin(2)( wtVtv ss = , (1) 

)sin(2)( δ−= wtVtv cc . (2) 

In order to ensure power transfer from charger to the utility, a 
coupling inductor is used and the two voltage sources are 
decoupled. From Fig. 1 and applying necessary mathematical 
transformations, the line current can be written as, 

)sin(2)( θ−= wtIti cc . (3) 

Since the default direction for active and reactive power 
transfer is from grid to charger, ic(t) and vc(t) are lagging the 
grid voltage. Also, note that the reactance is equal to 

,2 cc LfπX =  (4) 

where the system frequency, f,  is 60 Hz. 
Table I and the P-Q plane shown in Fig. 2 show all the 

different operation modes in which the system can be 
working.  In order to conserve the amount of energy that is 
drawn from the battery and to keep the battery undisturbed as 
much as possible, operation in quadrants I and IV is preferred 
over working in quadrants II and III. In other words, PHEV 
battery will not provide active power to the grid in this study. 
Although the utility may prefer to be able to use the PHEV as 
a peak shaving power source, it may not be accepted by the 
vehicle manufacturers and the customers due to safety 
concerns, decrease in battery lifetime, and reduced available 
battery energy. The topology that is studied here can run in all 
four quadrants, but for the analysis the system dynamics will 
be when the charger is operating in quadrants I and IV. 

From Fig. 1 it can also be written that 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 1. Representation of grid and charger. 



TABLE I.  CHARGER OPERATION MODES 

# P Q Operation Mode of the Charger 

1 Zero Positive Inductive 

2 Zero Negative Capacitive 

3 Positive Zero Charging 

4 Negative Zero Discharging 

5 Positive Positive Charging and inductive 

6 Positive Negative Charging and capacitive 

7 Negative Positive Discharging and inductive 

8 Negative Negative Discharging and capacitive 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

cccs IjXVV += . (5) 
 
Using (5), the system variables are shown in the phasor 

diagrams in Fig. 3 to illustrate the differences between the 
operation modes. Only the operation modes under discussion 
are explained in the phasor analysis. Some conclusions drawn 
from the sketches will help to understand the control 
algorithm. First, as illustrated in Fig. 3a and Fig. 3b, active 
power is provided by the grid as long as vc(t) lags vs(t), and it 
is sent to grid when vs(t) lags vc(t). Since vc(t) and vs(t) are 
sinusoidal, ic(t) is also sinusoidal as shown before. Its phase 
angle, θ, determines the direction of the reactive power flow. 
If θ is positive, reactive power is sent to the grid, and if θ is 
negative, reactive power is provided by the grid to the charger.  

Based on the available charging infrastructure, the system 
will either be charged by level 1 or level 2 charging. Level 3 
charging is not examined here. This analysis will be included 
in a future study. Therefore, the inverter current, ic, is limited 
by the charging equipment to 12 A or 32 A. For all operations 
the control algorithm should maintain that the current stays 
below either of these levels. In Table II, different charging 
methods in North America are given for further reference. 

There are two control methods to influence the magnitude 
and the direction of P and Q. The first option is to control the 
charger voltage, vc(t), and its phase angle, δ. The second 
option is to control the charger current, ic(t) and its phase 
angle, θ. 
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d) Charging and capacitive operation 
 

 
Fig. 3. Vector diagram for different operation modes. 

 
The fundamental equations derived using these variables 

that govern average active and reactive power flow from grid 
to inverter is listed in Table III.  

In summary, the variables that govern the interaction 
between the grid and the charger have been introduced in this 
section. The following section will describe the inverter 
operation. 

B. Inverter 
For this study, a full-bridge PWM inverter/rectifier is used 

as the first stage of the PHEV charger as shown in Fig. 4. 
Since the PHEV charger is operating like a current source, it is 
important that it complies with IEEE 1547 to present the 
minimum current harmonics possible. Therefore, a hysteresis-
band current control PWM is used to effectively regulate the 
current waveform.  As a result, current and its phase angle are 
selected to be the variables of the control algorithm.  

The reason for using this topology is to have a system that 
is able to operate in all four quadrants of the P-Q plane. 
Although a half bridge inverter could also satisfy this 

TABLE II.  ELECTRICAL RATINGS OF DIFFERENT CHARGING METHODS IN 
NORTH AMERICA [13] 

 

Charging 
method 

Nominal supply 
voltage  

Maximum 
current  

Branch 
circuit 
breaker 
rating  

Continuous 
input 
power 

AC Level 1 120 V, 1-phase 12 A 15 A 1.44 kW 

AC Level 2 208 to 240 V, 1-
phase 32 A 40 A 6.66 to 7.68 

kW 

AC Level 3 208 to 600 V, 3-
phase 400 A As required > 7.68 kW 

DC charging 600 V maximum 400 A  As required <240 kW 

 
.

 
.

 
 

Fig. 2. P-Q plane showing charger operation modes. 



operation, it requires two large capacitors to effectively 
regulate their junction voltage.  Also, using full bridge active 
rectifier, the dc link voltage is doubled reducing the output 
current rating for the same power level.   

According to the hysteresis-band current control PWM, the 
reference current generated by the controller is compared to 
the actual line current, and the switch pairs change their 
position accordingly. 

The inverter control system shown in Fig. 5 operates with 
two feedback loops, one is for reactive power regulation and 
the other is for dc voltage regulation which indirectly 
facilitates active power transfer to the dc-dc converter. Based 
on these two feedbacks, the controller calculates the exact Ic 
and θ values to generate ic(t)* as a reference waveform to be 
compared with actual line current.  

The maximum switching frequency that is shown using 
hysteresis-band current control PWM is calculated as [14] 

 

HL
Vf

c

dc

2max = . (6) 

 
where H is the difference between upper and lower hysteresis 
bands and equal to 1 A. Lc is chosen to be 5 mH and Vdc to be 
500 V. Therefore, the maximum switching frequency is 
calculated as 
 

kHzf 50
11052

500
3max =

⋅⋅⋅
= − . (7) 

C. Dc Bus Components 
In this section, the relationship between reactive power 

transfer and dc bus variables will be given. The dc parameters 
that will be analyzed are as follows: 
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Fig. 5. Control system structure of the inverter. 
 

dcV  nominal dc link voltage [V], 

dcVΔ  rms dc ripple voltage [V], 

capIΔ  rms dc capacitor ripple current [A], 

dcC  dc link capacitor [F]. 
 
The dc link capacitor’s major purpose is to regulate dc 

voltage during battery charging. However, it can also be used 
for reactive power regulation. First analysis shows how the 
reactive power transfer affects ∆Vdc. As it is given in [15], in a 
full bridge inverter, the dc link voltage and current exhibit a 
ripple at double the frequency of the line voltage with the 
same phase of the line current.  For the start of the analysis, 
the PWM ripples are neglected and only 2f ripple is 
considered. Therefore, the instantaneous capacitor voltage and 
current can be defined as 

 
θ)wt(ΔVV(t)v dcdcdc ++= 2sin2 , (8)

)2cos(22)( θ+= wtΔVwCti dccap . (9) 

 
Dc capacitor minimum and maximum voltages occur at the 

following time instants:  
 

and,  
24

  
2

2 min
θππθ −−=⇒

−=+ wtwt  
(10)

.  
24

  
2

2 max
θππθ −=⇒=+ wtwt  

(11) 

In [16], the energy conservation principle is used assuming 
there is no energy loss. Similarly, it can be written that 
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(13) 

In addition to this, the net reactive power that is sent to the 
charger is written as  
 

TABLE III.  FUNDAMENTAL EQUATIONS FOR ACTIVE AND REACTIVE POWER 

 
Control Variable P Q 

)(tvc and δ  )sin(δ
c

cs
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Fig. 4. Full bridge inverter charger. 

 



2)sin( cccc IwLIVQ +−= δθ . (14)

Using (13) and (14), the relation between reactive power and 
the peak-to-peak dc voltage ripple can be found as shown in 
Fig. 6. The reactive power produced is not directly related to 
the Vdc. However, the higher the dc voltage, the lesser the 
capacitor ripple current. Therefore, the system will be able to 
supply/sink more reactive power with higher Vdc for the same 
∆Icap levels.  Similarly, the dc capacitor value does not affect 
the reactive power transfer. Rather, ∆Vdc reduces with 
increasing capacitor rating because the right hand side of (13) 
should stay constant. Moreover, in the simulation analysis 
section, the relation observed between reactive power and dc 
capacitor rms ripple current will be given. 

D. Dc-dc Converter and Battery 

When charging from the grid, a bidirectional dc-dc 
converter shown in Fig. 7 steps down the high dc-link voltage 
and charges the battery using constant current-constant voltage 
(CC-CV) charging algorithm. 

A Li-ion battery model is implemented in Simulink using 
the model and parameters given in [17-19] to account for the 
charging profile of a PHEV. The equivalent circuit of a Li-ion 
battery cell is given in Fig. 8. The nonlinear relationship 
between open circuit voltage, Voc, and SOC is captured using a 
controlled voltage source. Two RC time constants are used to 
mimic response to transient power. In Fig. 8, the series 
resistor, RSeries, accounts for the instantaneous voltage drop 
during a step change in the battery current. Also, RTransient_S, 
CTransient_S, RTransient_L, and CTransient_L stand for short and long 
time constants that mimic the step response of the battery 
voltage [17]. 

In PHEV applications, the required amount of terminal 
voltage and capacity of the energy storage system is obtained 
arranging multiple battery cells in series and parallel. The cells 
that are in series determine the terminal voltage of the battery 
system, and the number of parallel cells decides the current 
carrying capability of the system. The total capacity of the 
battery is given as  

 

psit nnCC = , (15)

where Ct is the total capacity (Ah); Ci is the cell capacity (Ah); 
ns is the number of cells in series; and np is the number of cells 
in parallel. As given in [17], the capacity of individual cells, 
Ci, modeled is 0.85 Ah. The Li-ion battery cell model is scaled 
up to 5 kWh to account for the battery size as it is used in 
Toyota Prius Hymotion PHEV [20]. If each cell is assumed to 
be operating at 3.8 V, then 53 cells in series and 29 cells in 
parallel constitutes this capacity as shown below: 
 

kWh.5832953850 ≈⋅⋅⋅== ..VnnCE tpsi  (16)

 
where Vt is the nominal terminal voltage of each cell (V). The 
implemented battery model output signal is generated in a 
Simulink model and then transferred to a PLECS software 
block which is embedded in Simulink for power processing 
stage. 

E. Reactive Power Support During PHEV Charging 

In this section, the potential for reactive power regulation 
during battery charging is explored using the experimental 
measurements of the charging power drawn by the 2008 
Toyota Prius PHEV [20]. For this purpose, the battery pack of 
the Toyota Prius has been depleted and recharged several 
times, and the resulting waveforms are given in Fig. 9.  

In Fig. 9, P1, P2, and P3 stand for three different level 1 
charging profiles observed when charging the PHEV. When it 
is first plugged in, the battery voltage level is at its minimum, 
and there is an excess current margin that can be utilized for 
reactive power generation for about 45 minutes. During this 
time, the battery is charged with constant current, and its 
terminal voltage increases gradually; the line current increases 
gradually too. The amount of reactive power that the system 
can supply until the charger reaches its maximum power is 
calculated by the following formula: 

22
PIVQ cs −×= . (17) 

 
Fig. 6. Peak-to peak voltage ripple for different reactive power levels for a 

500µF dc capacitor. 
 

 
 

Fig. 7. Dc-dc converter and PHEV battery. 

 
 

Fig. 8. Electric equivalent circuit of a Li-ion battery cell [17]. 



 

 
Using (17), the available reactive power is given in Fig. 10 

for charge profile P3. For this data, the maximum power 
drawn from the grid is 1.27 kW with almost 1.0 power factor. 
For the reactive power calculation, the apparent power is 
limited to be 1.27 kVA to limit the peak current.  

As illustrated in Fig. 10, even during constant charging, 
there is an opportunity to supply 0.45 kVAR power to grid 
which is still 35% of the full reactive power amount that can 
be supplied without charging the battery. 

IV. SIMULATION ANALYSIS 
The purpose of the simulation study is to verify that the 

proposed system is able to work in the aforementioned 
operation modes.  Also, the effect of different operation modes 
on the dc variables will be given. The system will be 
commanded to work in two quadrants although the topology is 
able to work in all four quadrants. Moreover, the system is 
compatible to work with both level 1 and level 2 charging 
equipment. However, since everything except the ratings will 
stay the same for the analysis, only level 1 will be evaluated. 
All the results have been achieved using a 500µF dc capacitor 
and 500 V dc voltage level.  

Because of the long simulation time, the system is only 
simulated for a few seconds. A safety limit is imposed on the 
line current not to exceed the system limitations at all 
operation modes.  

The simulation realizes the operation modes #1, #2, #3, #5 
and #6 as given in Table I respectfully in 11 s. In Fig. 11, the 

reactive power command to the charger is given along with 
the charger’s response as Q* and Q respectively. Also, in the 
same graph, the active power sent by the grid to charge the 
PHEV battery is included. Since it takes considerable amount 
of time to cover all the charging process of the battery, only 
the initial part of the constant current charging is shown. 
Finally, towards the end of the simulation, the bidirectional 
charger provides reactive power in response to the controller 
command when the PHEV is plugged in for charging 
operation. Note that, minus sign stands for capacitive 
operation and positive sign means inductive operation.  

Following Fig. 11, in order to show that the PHEV battery is 
not used to supply reactive power regulation during the 
simulation, battery terminal voltage and current are given in 
Figs. 12 and 13, respectively. During the simulation, battery 
voltage and current have not shown any deviance from their 

 
Fig. 11. Reactive power demanded by the controller and supplied by the 

charger. 
 

Fig. 9. Experimental data for the charging power of Toyota Prius PHEV 
converted by Hymotion. 

 
Fig. 10. Reactive power availability during constant current charging of the 

Toyota Prius PHEV. 

 
Fig. 12. PHEV battery terminal voltage. 

 
Fig. 13. PHEV battery terminal current. 



usual profile satisfying safe operation regulations. In other 
words, the battery is always operated such that the current and 
voltage ripple presented are the same as it is during a normal 
charging operation. 

After confirming that the designed system is able to operate 
at the planned operation modes without putting adverse effects 
on the battery, the effects of the different operation modes on 
the dc bus variables should be presented to investigate if the 
dc dynamics of the system pose a danger on the dc link 
capacitor.   

First, the dc link capacitor voltage has shown a profile with 
a frequency that is double the line frequency as expected. Fig. 
14 shows the regulation of dc voltage during the simulation. 
When the PHEV is plugged in to be charged at 4.5 s, the dc 
link voltage suddenly drops and then regulates itself.  

Fig. 15 shows the changes in the dc capacitor peak to peak 
ripple voltage when the system operates at different modes. 
For reactive power only operation, the dc link capacitor is 
exposed to ~13 V peak-to-peak voltage ripple when absorbing 
1.27 kVAR from grid (mode #1) and ~18 V when supplying 
1.27 kVAR to grid (mode #2). Because of the coupling 
inductor, it requires less voltage ripple to absorb reactive 
power. These results confirm well with the initial analysis 
equations, (8) - (13) and Fig. 6. If the PHEV is used to sink 
reactive power from the grid during charging (mode #5), it 
only requires ~1 V more peak-to-peak ripple voltage and 
around ~2V more for capacitive operation (mode  #6).   

Fig. 16 also illustrates how the capacitor ripple current 
changes with different operation modes. The net change in the 
rms ripple current is small when the charger switched between 
different operation modes keeping the dc link capacitor in its 
safe operating limits.  

The results confirm that, with level 1 charging, supplying 
ancillary services such as reactive power compensation can be 
achieved with an on-board, conductive, and bidirectional 
charger without using the PHEV battery and keeping the dc 
link capacitor in its operating limits.   

V. CONCLUSION 
The basis of this paper is to introduce the technical 

understanding of the V2G reactive power compensation. 
Therefore, V2G operation is shown by simulating different 
modes of operation out of which reactive power supply/sink 
with/without PHEV battery charging being the most important 
ones. 

The simulation study showed that with level 1 charging, it 
is possible to fulfill reactive power compensation without any 
power demand from the battery. Moreover, the dc link 
capacitor of the bidirectional charger is used to supply reactive 
power. The results show that reactive power compensation can 
be accomplished with/without battery charging and it does not 
put stress on the dc link capacitor. The peak to peak ripple of 
the dc voltage and dc capacitor rms ripple current are observed 
for safety of the dc link capacitor. 

Future study will be on engaging the PHEV battery for the 
reactive power support at higher power levels and showing if 
there are adverse effects of this operation on the battery. 

 
Fig. 14. Dc link voltage when charging PHEV battery. 

 

 
Fig. 15. Peak-to-peak ripple voltage seen on the dc link capacitor for different 
operation modes (#1,2,3,5, and 6 in Table I). 
 

 
Fig. 16. Rms dc link capacitor current for different operation modes 

(#1,2,3,5, and 6 in Table I). 

REFERENCES 
[1] Electricity advisory committee, “Bottling electricity: storage as a 

strategic tool for managing variability and capacity concerns in the 
modern grid,” December 2008. 

[2] W. Kempton, and A. E. Letendre, “Electric vehicles as a new source for 
electric utilities,” Transport. Res. Part D Transport. Envir., vol. 2, no 3, 
pp. 157-175, September 1997. 

[3] X. Zhou, et. al., “Design and control of grid-connected converter in bi-
directional battery charger for plug-in hybrid electric vehicle 
application,” Vehicle Power and Propulsion Conference (VPPC’09), 
Dearborn, MI, USA, 7-10 September 2009. 

[4] I. Cvetkovic, et. al. “Future home uninterruptable renewable energy 
system with vehicle-to-grid technology,” Energy Conversion Congress 
& Exposition (ECCE'09), San Jose, CA, USA, September 20-24, 2009. 



[5] L. Tang and G.-J. Su, “A low-cost, digitally-controlled charger for plug-
in hybrid electric vehicles,” Energy Conversion Congress & Exposition 
(ECCE'09), San Jose, CA, USA, September 20-24, 2009.  

[6] J. Voelcker, “Lithium batteries take to the road,” IEEE Spectrum, pp. 
27–31, September 2007. 

[7] M. F. M. Elias, et. al. “Lithium-ion battery charger for high energy 
application,” National Power and Energy Conference, 15-16 December 
2003. 

[8] P. V. D. Bossche, “ The electric vehicle: raising the standards,” Ph.D. 
dissertation, Vrije Universteit Brussel, 2003. 

[9] California Air Resources Board, “Staff Report: Initial Statements of 
Reasons – Proposed Amendments to the California Zero Emission 
Vehicle Regulations: Treatment of Majority Owned Small or 
Intermediate Volume Manufacturers and Standardization of Battery 
Electric Vehicle Charging Systems for the Zero Emission Vehicle 
Program,” May 2001. 

[10] Nissan Leaf Electric Car, http://www.nissanusa.com/leaf-electric-car. 
[11] Reductive charging, Available online: http://www.acpropulsion.com. 
[12] W. Korthof, “Level 2+: Economical Fast Charging for EVs,” 17th 

Electric Vehicle Symposium, Montreal, Canada, October 2000. 
[13] SAE J1772 Electric vehicle conductive charge coupler and SAE J1773 

Electric vehicle inductively coupled charging, Society for Automotive 
Engineers, Inc. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[14] L. J. Borle, “Zero average current error control methods for bidirectional 
ac-dc converters,” Ph.D. dissertation, Curtin University of Technology, 
October 1999. 

[15] N. Mohan, T. M. Undeland, and W. P. Robbins, “Power Electronics 
converters, applications and design,” 3rd ed. John Wiley & Sons, Inc., 
2003, pp. 214-215. 

[16] Y. Xu, “A generalized instantaneous nonactive power theory for parallel 
nonactive power compensation,” Ph.D. dissertation, Elec. and Comp. 
Eng. Dep., University of Tennessee, 2006. 

[17] M. Chen and G. A. Rincon-Mora, “Accurate electrical battery model 
capable of predicting runtime and I-V performance,” IEEE Trans. 
Energy Convers,. vol. 21, no. 2, pp. 504-511, June 2006. 

[18] M. Knauff, et. al, “Simulink model of a lithium-ion battery for the hybrid 
power system testbed,” Proceedings of the ASNE Itelligent Ships 
Symposium, Philadelphia, PA, USA, May 2007. 

[19] Erdinc, O., Vural, B., and Uzunoglu, M. “A dynamic lithium-ion battery 
model considering the effects of temperature and capacity fading,” 2009 
International Conference on Clean Electric Power, Capri, Italy, 9-11 
June 2009. 

[20] A123 Systems Hymotion Products  
http://www.a123systems.com/hymotion/products/N5_range_extender. 
 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


