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Abstract—Electrification in road networks plays an essential
role in developing smart cities. The increasing demand for Elec-
tric Vehicles (EVs), Fast Charging Stations (FCT) is integrating
into the Distribution System (DTS). Improper allocation of FCT
in DST leads to an increase in active power loss, voltage deviation,
and an increase in the cost of electrical energy consumption. In
this paper, optimal placement and sizing of FCT and Distributed
Generators (DGs) in DTS with multi-objective problems such
as minimization of Real Power loss cost of DTS (RPD), Voltage
Deviation (DVN), FCT Development Cost (SDFT), the EV User
Cost Energy Consumption (ECUT) and Cost of DG (CDGs). To
solve optimal citing and placement problems Pareto dominance-
based GWO (Grey wolf optimizer) algorithm was used on the
118-bus distribution system. The Pareto optimal solutions were
compared by fuzzy decision-making. Simulation results were
compared with other algorithms such as NSGA-2 and PSO.

Index Terms—Electric Vehicles, Fast Charging Stations, Dis-
tribution System, Grey wolf optimizer

I. INTRODUCTION

The burning of fossil fuels leads to climate change. In order

to tackle climate change, many industries sectors are shifting

towards renewable energy sources[1]. This development leads

to the increasing demand for FCT and DGS in the DTS.

Improper allocation of FCT and DGs creates a negative impact

on the performance of DTS [2]. Increasing demand for EVs

leads to the allocation of FCT in the DTS. Many researchers

have listed the effects of FCT on the DTS. In [3] designed

the framework for the analysis of EVs in the unbalanced

distribution system. Teng, F., Mu, Y [4], et al. proposed a

model framework respond primary frequency control with the

advantage of the economics and environment. Dubey et al. [5]

discussed the impact of domestic EVs charging on the DTS

and proposed a method to mitigate the effect. Papadopoulos

et al. Richardson et al. [6] propose a strategy where charging

rates of EVs are regulated, which yields a better usage of the

present DTS. The above review discussed the FCT without

DGs. The incorporation of DG units and FCT has gained a

lot of thought among scholars. Integration of DGS and EVs

in the DTS with reduced losses and an increase in voltage

profile is explained by Thunuguntla et al.[7]. Chen et al. [8]

give a new technique, for the optimal location of hybrid EVs

with optimal parking. In the paper [9] optimal allocation of

charging stations is implemented using the Jaya algorithm.

Deb et al. Singh et al. [10] proposed GWO algorithm to reduce

the power loss of the smart grid with EVs. Most of the authors

discuss only optimal planning of FCT. Very few researchers

considering optimal planning of FCT and DGs, but in those

papers DVN, SDFT, ECUT, and CDGs are not mentioned. In

this work, the first-time road network coupled with DTS and

simultaneous optimal placement of FCT and DGs, to minimize

real power loss of DTS, voltage deviations, development cost

of FCT, the energy consumption of EV user cost, and CDGs.

The contribution of this paper is represented as follows: 1.

The optimal location and no-of FCT based on the behaviour of

EVs users, active power loss, and voltage profile of the DST is

determined. 2. The optimal location of DGs, considering FCT

load to reduce active power loss and to improve the voltage

profile of DTS. 3. For the first time in this work, a multi-

objective GWO optimization algorithm is proposed to find the

optimal location and sizing of FCT and DGs.

The rest of this paper is organized as follows: The multi-

objective problem formulation and its constraints are explained

in Section II. The proposed multi-objective GWO algorithm is

presented for the considered system in Section III. The results

and analysis are shown in Section IV and finally, conclusions

are presented in Section V.

II. PROBLEM FORMULATION

In this section minimization of the objective functions such

as SDFT, ECUT, RPD, DVN and CDGs are formulated. To

find the optimal location of FCT and the positions of EVs an

arbitrary area is shown in Fig.1. In this work, the total number

of EVs (TEVN) is charged by the FCT in the assumed area.

TEVN is calculated as

TEV N =
zon∑

(z=1)

EV(n,zon) (1)
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Fig. 1. Zones with area

EV n,zon is the total no-of committed EVs in zone zon, i.e.,

all EVs are charge their vehicles from the zonary FCT and

zon is the no-of zones in the study area.

A. FCT Development Cost (SDFT)

SDFT involves the cost of land and the equipment of FCT.

The capacity and number of connectors of FCT are functions

of FCT equipment. FCT land cost depends on the number of

connectors of FCT.

SDFT = Cfd + 24 × Cln ×NC (j)× nyear

+ Ccnd × (NCT (j)− 1)× Pcgt (2)

Cfd represents the fixed cost of FCT (in dollars) which

includes the equipment and arrangements to set-up FCT.Cln

is land rent cost yearlynyearis the number of years.Ccnd is the

cost of chargers, NCT (j) is the number of connectors in jth

FCT.

NCT (j) =

zon∑
z=1

(max(PBEV )× EV n,zon ×DFB(z, j))

(3)

PBEV is the probability of charging of EVs in hour (h) in

a day. If EVs are charged in the jthFCT then decision binary

variable DFB (z, j) = 1otherwise it is zero. The rating of

jthFCT is :

PFCT = NCT (i)× Pct (4)

B. EV User Cost of Energy Consumption (ECUT)

To reach FCT, EV user drives in a path and consumes

energy. ECUT is the cost associated with the consumption

of energy.

ECUT (zon, j) = Ln(zon, j)
24∑

hr=1

PBEV (h)

× EV (zon)h (5)

Here Ln(zon, j)is the trajectory length between zone zon and

jth FCT. CE is the specific energy consumption of EVs and

Eh is the electricity price in dollars.

C. Real Power loss Cost of DTS (RPD)

Due to the increase in demand for EVs, there is an increase

in real power loss in DTS. DTS real power loss has non-linear

characteristics with loading. Calculation of real power loss cost

of DTS due to charging of EVs in a year is:

RPD =

nsn∑
sn=1

24∑
h=1

TLP (h, s)×NSh(sn)× EPhn (6)

Where nsn is no-of seasons, TLP is the total power loss of the

DTS which includes EV load, NSh is the total no-of hours

of all seasons in a year.

D. Cost of DGs (CDGs)

CDGs includes investment cost CIV T , operation cost

COPT , and maintenance cost CMNT of DGs.

• Investment cost: It associates with unit construction,

installation, and equipment.

CIV T =

dgn∑
k=1

(Pdgs,k × CostINV ) (7)

• Cost of operation: It associates with cost of generation

and fuel.

COPT =

nyer∑
yer=1

dgn∑
k=1

(Pdgs,k × TLhr

× COR×
(
1 +RTINF

1 +RTINT

)yer

(8)

• Cost of Maintenance: It involves cost for renewal and

repairing.

CMNT =

nyer∑
yer=1

ndg∑
d=1

(Pdgs,k × TLhr

× CMT ×
(
1 +RTINF

1 +RTINT

)yer

(9)

Where TLhr is no-of hours in a year, yer is the total no-

of years for planning of DGs and dgn the number of DGs

consider in this work. Finally cost of DGs can be calculated

as:

DGs = CIV T + COPT + CMNT (10)

E. DVN

If FCT and DGs are placed improper than DTS leads to

voltage unstable. Therefore, calculation of DVN is necessary

for all seasons of 24 hours . The DVN of DTS is calculated

as:

DVN = max {1− v(i)} i = 1, 2 . . . nbs (11)

Where v(i) is the voltage of ith bus and nbs is DTS bus

number.
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F. Objective Problems

Min

{
NFCT∑
m=1

SDFT (m) +
TEV N∑
l=1

ECUT (l)

+RPD + CDGs+DVN } (12)

G. Constraints

At least one FCT should be placed to charge the EVs.

NPFCT∑
k=1

BN (k) > 0 k = 1, 2, . . . , NPFCT (13)

where NPFCT is the no of possible FCT, BN (k) is binary

decision variable, if kth FCT is selected then BN (k) =1,

otherwise 0. From selected FCT at least one connector should

be utilised.

NCT (k) ≥ 0 k = 1, 2, 3 . . . , NPFCT (14)

From each zone zon, one optimal FCT is selected by EVs.

zon∑
z=1

DFB (z, k)×BN (k) = 1 (15)

III. GWO ALGORITHM

In this work, GWO algorithm is used to optimised for

proposed objective function. GWO GWO is based on the

leadership of hierarchy. Grey wolves always remain in a group

and they are always loyal to the group. They are classified into

4 types based on the fitness value i.e., Alpha (α), Beta (β),

delta (δ), and omega (ω). α is the supreme leader in the group.

α can be either male or female.α decides and gives the order

to other members. β is subordinate to alpha and helpsα in

decision making. δ and ω are other subordinates, where ω
occupies the lowest level in the group.

A. Encircling the victim

While hunting, the grey wolves encircle the victim. In

mathematical expression the Encircling strategy is explained

as:

�La =
∣∣∣�S. �Zp − �Z(itr)

∣∣∣ (16)

�Z(itr) = �Zps(itr)− �R. �Lat (17)

Here itr is the present iteration, Zps is the position of prey, Zg

is the position of grey wolf. �S and �R are coefficient vector

which can be calculated as

�R = 2.�r.rad1 − �r (18)

�S = 2.rad2 (19)

rad1, rad2 are random vectors in the range [0, 1], coefficient �r
are linearly decreases from 2 to 0 over the course of iterations.

B. Process of hunting

The hunting process is guided by α. α, β, δ have the better

knowledge about the prey (optimal solution). Other wolves at

the back update the positions according to the position of α,

β, δ. The following mathematical expression for attacking is:

-
�Laα =

∣∣∣�S. �Zα − �Zg

∣∣∣ (20)

�Laβ =
∣∣∣�S. �Zβ − �Zg

∣∣∣ (21)

�Laδ =
∣∣∣�S. �Zδ − �Zg

∣∣∣ (22)

�Zt1 = �Zα − �R1.( �Laα) (23)

�Zt2 = �Zβ − �R2.( �Laβ) (24)

�Zt3 = �Zδ − �R3.( �Laδ) (25)

�Z (itr + 1) =
�Zt1 + �Zt2 + �Zt3

3
(26)

C. Attacking and Exploring of a Victim

The value of R should be in the range of [-2r, 2r], wolves

attack the prey, when |R| < 1. Attacking prey is known as

exploitation. Searching for prey is known as exploration means

they diverge to search for prey. If |R| > 1, then it forces

wolves to search the prey. The basic procedure of GWO

• From the given space, initialize the search agent and

generate a random population.

• GWO technique is applied.

• Minimum values of all searching agent are generated

• The updated position is to pass back to GWO technique

• Repeat this procedure until the ceasing criteria are

achieved.

The flow chart of the GWO algorithm is shown in figure Fig.2.

IV. RESULT AND DISCUSSIONS

In this work, to find the optimal location and sizing of FCT,

and DGs distribution system where a transportation network

is coupled, 2 scenarios with different cases are studied with

the help of the proposed test system.

A. Proposed methodology

In this work, the proposed method is applied to a test

area of 720 km2 as shown in the figure Fig.3 this test

area consists of 180 zones, where each zone has an area of

4 km2 (2km×2km). In this work, 1632 EVs, 5 DGs unit, and

118 distribution buses are carried out for analysis. The base

value of DTS is 100 MW, 11kV, 22.71 MW active power,

and 1.7041MVAr reactive power. In figure Fig.4. for different

seasons load curve is shown. MATLAB 2020a software is used

for the proposed problem simulation.

118 DTS are coupled with the tested area shown in figure

Fig.5. In this work, 16 FCTs are installed on the main road

with satisfying constraints such as distances between FCTS

are almost equal. Possible locations of FCT are represented

3
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TABLE I
OPTIMAL LOCATION OF FCE AND OPTIMAL NUMBER OF EVS IN SCENARIO 1

Case number NSGA -2 PSO GWO
Case-1 Location of FCT No-of EVs in FCT Location of FCT No-of Evs in FCT Location of FCT No-of Evs in FCT

80 559 22 291 40 291
103 83 35 413 11 170
40 395 13 122 80 413
13 112 80 397 13 137
22 329 11 170 22 224
11 154 40 239 35 397

Case-2 370 11 114 40 344 344
253 28 170 61 173 173
408 40 253 22 177 177
114 22 285 11 150 150
210 80 397 35 383 383
277 35 413 80 405 405

Case-3 40 383 13 137 11 170
61 177 11 170 28 114
22 173 22 291 40 285
11 150 80 397 22 253
35 344 40 224 80 413
80 405 35 413 35 397

TABLE II
OPTIMAL OBJECTIVE PARAMETERS OF SCENARIO 1

Algorithm Case SDFT (M$) ECUT (M$/year) RPD (M$/year) DVN (p.u.)
NSGA -2 1 4.2235 0.09233 0.6823 0.1325

2 4.2225 0.09422 0.67730 0.1309
3 4.2614 0.09078 0.68153 0.1308

PSO 1 4.2312 0.103231 0.69853 0.1345
2 4.2309 0.105019 0.68730 0.1319
3 4.3301 0.103618 0.69853 0.13173

GWO 1 4.2152 0.085878 0.68243 0.1308
2 4.2140 0.086632 0.66840 0.1301
3 4.224 0.084653 0.68129 0.1300

TABLE III
OPTIMAL LOCATION AND SIZING OF DGS FOR SCENARIO 2

Case number NSGA -2 PSO GWO
Location of DG Size of DG (MW) Location of DG Size of DG(MW) Location of DG Size of DG(MW)

Case-4 102 0.5020 75 0.5118 43 0.3764
75 0.7563 73 0.7723 77 0.9332
42 0.5002 48 0.9579 50 0.2400
62 0.5039 52 0.6249 53 0.7050
51 0.6407 108 0.5352 110 0.3217

Case-5 73 1.3467 49 0.5641 47 0.7505
35 1.3012 113 0.8880 72 0.7327
80 1.1789 51 0.8688 75 0.5569

111 1.0722 83 0.6051 111 1.2189
51 0.6969 73 1.1742 50 0.8504

Case-6 111 1.0385 110 1.2682 76 0.9847
74 1.4989 74 1.4116 111 0.8272
42 0.7511 82 0.5486 53 0.7631
54 0.9941 50 1.1380 70 0.7140
49 0.8780 53 0.7769 49 0.8662

in the symbol rhombus in the assumed DTS shown in Fig.5.

Fig. 6 shows the probability of charging EVs. The DTS,

FCT, and DGs parameters are obtained from [3], [5]. The

GWO algorithm optimization technique is implemented for

the proposed problem.

B. Scenario 1: Optimal planning of FCT in DTS coupled with
transportation network

Optimal planning of FCT is obtained with the help of the

GWO technique by minimizing of RPD, DVN, SDFT, and

ECUT of the DTS. DGs are not included in this scenario.

Three cases are considered in this scenario. Three cases are

considered in this scenario.

• Case 1: - Minimization of ECUT and cost of RPD

4
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Fig. 2. Flow chart of the GWO algorithm

Fig. 3. EVs population in zone

• Case 2: - Minimization of DVN and cost of RPD

• Case 3: - Minimization of DVN, cost of RPD and ECUT

In Fig.7(a), Fig.7(b), and Fig.7(c) minimization of RPD and

ECUT, minimization of RPD and DVN, and minimization of

RPD, DVN, and ECUT are shown respectively. In table 1,

optimal planning of FCT and no-of EVs are shown. In table

2 objective parameters are shown.

Fig. 4. Load curve for Different seasons on hourly basis

Fig. 5. 118 distribution bus in the assumed testing area

Fig. 6. Probability of charging of EVs

C. Scenario 2: Optimal planning of DGs in Distribution
system with previous optimal FCT load

DGs are considered to improve the voltage profile in DTS.

From case 3 optimal load of FCT is taken to solve the

minimization of the objective function (12), where the CDGs,

ECUT, DVN, and RPD are considered. In this scenario, three

cases are taken to find out the optimal sizing and location of

DGs with the optimal load of FCT from case 3.

• Case 4: - Minimization cost of DG and DVN.

• Case 5: - Minimization cost of RPD and cost of DG.

• Case 6: - Minimization of cost of DG, DVN and cost of

RPD.

Fig. 7(d),Fig. 7(e), Fig. 7(f) shows the non-dominated Pareto

font of case 4 to case 6. From the max-min method, optimal

planning of DGs is obtained, which is shown in Table 3 and

Table 4.

TABLE IV
OPTIMAL OBJECTIVE PARAMETERS OF SCENARIO 2

Algorithm Case
RPD

(M$/year)
CDGs (M$) DVN (p.u.)

NSGA -2 4 0.5278 3.5326 0.0677
5 0.3898 6.8091 0.0565
6 0.4081 6.2795 0.0462

PSO 4 0.0476 4.1396 0.0592
5 0.4404 4.9892 0.0566
6 0.4042 7.1965 0.0457

GWO 4 0.5132 3.1348 0.0615
5 0.4417 5.0003 0.0579
6 0.4454 6.2583 0.0508
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Fig. 7. Optimal font

TABLE V
COMPARISON RESULTS OF FOUR SCENARIOS

Scenario Case Algorithms
SDFT

(M$)

ECUT

(M$/year)

RPD

(M$/year)
CDGs (M$) DVN (p.u.)

NSGA-2 4.421 0.09078 0.4081 6.2795 0.0462
PSO 4.383 0.103618 0.4042 7.1965 0.0457

2 6 GWO 4.052 0.084653 0.4454 6.2583 0.0508
NSGA-2 4.421 0.09078 0.68153 - 0.1308

PSO 4.383 0.103618 0.69853 - 0.13173
1 3 GWO 4.252 0.084653 0.68129 - 0.1300

Comparison results of two scenarios are shown in Table

6. From Table 6 GWO shows better results compare to

other algorithms. 61.1 perctange reduction of DVN in case 6

compared to case 3. 34.624 perctange reduction of RPD in

case 6 compared to case 3.

V. CONCLUSION

In this paper, optimal placement and sizing of FCT, DGs in

coupled DTS, and road networks are done with multi-objective

problems such as minimization of RPD, DVN, SDFT, ECUT,

and CDGs. The proposed GWO algorithm is tested on 118

bus distribution systems. The results obtained using the GWO

algorithm are compared with the PSO and NSGA-2. . The

two stages give better results such that there is a reduction

of RPD, CDGs, and DVN. Due to the reduction of cost, it

gives benefits both to charging station owners and EV users.

Besides, future work can be extended with the simultaneous

placement of FCT, DGs, and vehicle to grid technology.

REFERENCES

[1] Amin A, Tareen WUK, Usman M, Ali H, Bari I, Horan B, Mekhilef
S, Asif M, Ahmed S, Mahmood A. A Review of Optimal Charging
Strategy for Electric Vehicles under Dynamic Pricing Schemes in
the Distribution Charging Network. Sustainability. 2020; 12(23):10160.
https://doi.org/10.3390/su122310160

[2] Sortomme, E., Hindi, M. M., MacPherson, S. J., Venkata, S. S. (2010).
Coordinated charging of plug-in hybrid electric vehicles to minimize
distribution system losses. IEEE transactions on smart grid, 2(1), 198-
205.

[3] Sharma, I., Canizares, C., Bhattacharya, K. (2014). Smart charging of
PEVs penetrating into residential distribution systems. IEEE Transac-
tions on Smart Grid, 5(3), 1196-1209.

[4] Teng, F., Mu, Y., Jia, H., Wu, J., Zeng, P., Strbac, G. (2017). Challenges
on primary frequency control and potential solution from EVs in the
future GB electricity system. Applied energy, 194, 353-362.

[5] Dubey, A., Santoso, S. (2015). Electric vehicle charging on residential
distribution systems: Impacts and mitigations. IEEE Access, 3, 1871-
1893.

[6] Richardson, P., Flynn, D., Keane, A. (2011). Optimal charging of
electric vehicles in low-voltage distribution systems. IEEE Transactions
on Power Systems, 27(1), 268-279.

[7] Injeti, S. K., Thunuguntla, V. K. (2020). Optimal integration of DGs into
radial distribution network in the presence of plug-in electric vehicles to
minimize daily active power losses and to improve the voltage profile
of the system using bio-inspired optimization algorithms. Protection and
Control of Modern Power Systems, 5(1), 1-15

[8] Chen, C., Duan, S. (2014). Optimal integration of plug-in hybrid electric
vehicles in microgrids. IEEE Transactions on Industrial Informatics,
10(3), 1917-1926.

[9] Mohanty, A. K., Babu, P. S. (2021). Optimal Placement of Electric
Vehicle Charging Stations Using JAYA Algorithm. In Recent Advances
in Power Systems (pp. 259-266). Springer, Singapore.

[10] Singh, J., Tiwari, R. (2019). Real power loss minimisation of smart
grid with electric vehicles using distribution feeder reconfiguration. IET
Generation, Transmission Distribution, 13(18), 4249-4261.

6
Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY WARANGAL. Downloaded on November 29,2025 at 04:53:35 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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 /Error
  /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 true
  /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
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


