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Abstract—Currently the penetration of various 
forms of distributed generations (DGs) has 
significantly increased. Such active distribution 
network with bidirectional power flows brings 
direct challenges to network control and operation, 
e.g. increased fault levels and protection 
degradation. In this paper, an intelligent sequential 
power supply restoration solution is presented 
which can be carried out by either reconfiguring 
network topology or utilization of the embedded 
DGs for load supply in an island mode, to restore 
loads as much and quickly as possible. The 
proposed restoration model mainly considered 
three kinds of indicators: load recover rate and the 
current allowance of influenced branches when 
opening or closing a switcher, and time cost of 
changing the status of switchers in the sequential 
restoration process. What’s more, the priority of 
critical loads were satisfied as far as possible. The 
performance assessment of two test scenarios is 
carried out in the 53-bus distributed network and 
the numerical result verifies the effectiveness of the 
proposed solution.  
 
Index Terms—Active distribution network; 
Distributed generation; Power supply restoration; 
Topology reconfiguration  

NOMENCLATURE 
F   Objective function of restoration model 

i   Importance factor of each indicator  
_chan swiN  Number of change switchers 

if   Cost of changing the status of switcher 
i   Time cost of different type switchers 
ix  Status of the thi switcher 
jy  Status of the thj bus 

kz  Whether the power flow of thk branch is 
influenced by topology reconfiguration  

_barn ij  The corresponding number of branch 
between thi bus and thj bus  

swiN  Number of operable switchers 
typeN  Types of switchers 

i x   Penalty functions 
totalP  Total active power of the system 
iL  On-line loads when closing thi switcher 

nodeN  Number of nodes  
iI  Current of thi  branch 
limitI   Current limit of thi  branch 
ina   Parameter in i , 1,2,3,4i  
D

iP  Active power at thi  bus 
D
iQ  Reactive power at thi  bus 

_bran ijP  Active power of branch between thi  
bus and thj  bus 

_bran ijQ  Reactive power of branch between 
thi bus and thj  bus 

_bran ijR  Resistor of branch between thi  bus and 
thj  bus 

_bran ijX  Reactance of branch between thi  bus 
and thj  bus 

i   Priority of the loads in thi bus 
 

I. INTRODUCTION 
 

The massive penetration of distributed generations in 
current medium/low voltage distribution networks bring 
direct challenges in terms of increasing fault level and 
protection degradation, and hence the security of power 
supply. The ultimate goal of power supply restoration is to 
restore as much supply to demand (critical loads with 
priority) as possible and as fast as possible upon the power 
supply interruptions [1]. The state-of-art approaches in the 
literature mainly coping with the power supply restoration 
issue have not been designed with explicit consideration of 
the restoration scope. The available power supply restoration 
solutions either deal with the partial failure through 
operation of connection switch gears (i.e. topology 
reconfiguration) (e.g. [2]-[4]) or utilize the embedded DGs 
to restore the power supply service once the power from the 
utility are not possible in a large scope (e.g. blackout [5, 6]).   

However, with the increasing penetration level of DGs 
in existing power distribution network, the potential impacts 
of DGs in network restoration were studied in recent years. 
The work in [7] focused on service restoration in distribution 
systems with integrated DG units. The fault can be detected 
and located and the optimal reconfiguration of the system 
can be obtained by multi-agent control system. The author 
takes full account of post-fault response modes of DG units, 
and unintentional islanding operation of DG units can be 
avoided. In [8], the author dealt with the service restoration 
problem in renewable-powered micro-grids that are driven 
islanded by an unscheduled breakdown from the main grid. 
The light spot of this paper is that the intermittency nature of 
the renewable power and uncertainty of the duration of 
breakdown were taken into account in the paper. A 
two-scenario splitting, in which a Lagrangian technique and 
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dynamic programming method was utilized to solved the 
problem. In [9], a probabilistic based analytical method was 
developed to assess the distribution network reliability by 
using the performance metrics of average interruption 
duration and average interruption frequency in the presence 
of both dispatchable and nondispatchable renewable DGs. 

Among all these relevant literature, some of them 
propose remarkable optimization algorithms, e.g. 
multi-agent system based solution [10], fuzzy 
multi-objective model [11] and genetic algorithmic solution 
[12]. A detailed analysis of stability during restoration using 
WAMS was proposed in [13]. In [14], the authors proposed a 
methodology, based on CPM/PERT graph theory, that allows 
power system restoration plans to be graphically visualized. 
By this way, the operating staff comprehension about the 
restoration plan were enhanced. 

In the current literature, to the author’s best knowledge 
that there is no solution available to combine these two 
power restoration paradigms (topology reconfiguration and 
DG-based restoration) into a unified framework. This paper 
focus on power supply restoration problem in the context of 
active distribution networks with DGs, and present an 
intelligent sequential restoration model considering about the 
security and stability of the system and the priority of loads. 
The main technical contributions made in this paper can be 
summarized as follows:  

(1) The restoration solution can automatically select 
appropriate supply restoration strategy (i.e. topology 
reconfiguration or DG-based restoration) with the condition 
of satisfying the basic network demand, in accordance with 
the scale of the area affected by the faults and the network 
topology. 

(2) In the restoration optimization model, the impacts 
on security and stability of the system owing to the power 
flow variation were considered. The allowance of branches 
on which the power flow was influenced owing to the 
restoration process were utilized as an index to find the 
optimal sequential recovery path. 

The rest of this paper is organized as follows. In section 
2, the intelligent power supply restoration approach was 
introduced; section 3 presents two scenarios a set of 
numerical experiments are carried out to verify the 
effectiveness of the proposed power supply restoration 
approach; finally, the conclusive remarks are given in section 
4. 

II. PROPOSED RESOTRATION APPRAOCH 
  
A. Power Supply Restoration  Scheme 
As most of the faults in the distribution system are 

transient, the increasing DG in the distributed system can be 
utilized to restore most part of the loads in some cases 
instead of changing the system topology like the traditional 
way. Obviously, the costs of DG-based restoration is far less 
than that of topology restoration, but in DG-based 
restoration, some non-critical but non-fault loads may retain 
unsupplied, which is acceptable in transient fault cases. Fig.1 
illustrates the power supply restoration of the proposed 
solution two fault cases (case 1 and case 2): restoration 
process with and without changing the network. 

101
Case 2

Switch gear 
Interconnection switch gear

Distributed Generation
   Recovery path without 

changing system topology (Case 2)

Recovery path with
changing system topology (Case 1)

Case 1

Bus line 101

Fig.
1: The illustration of supply restoration path upon faults in two 

different fault cases 
In this paper, the system can automatically choose its 

restoration method to maximize the recovery loads, 
especially the critical loads, while minimize the costs of 
operating switchers. Recovery rate is regarded as the 
indicator to distinguish these two methods. The key 
component of the power supply restoration process can be 
summarized as follows: 

(1)Confirm the fault bus, and open the related 
switchers. 

(2)Firstly, DG-based restoration method is applied to 
recover as much as possible load; 

(3)Calculate the recovery rate of DG-based restoration 
method, and check if the requirements of recovery rate 
(recover all the critical loads and 70% of non-critical loads) 
are met; 

(4)If the restoration path obtained by DG-based 
restoration method can satisfy all the requirements, then 
stop; 

(5)If not, topology restoration method were chosen to 
restore the system, then stop. 

B. Objective Functions 
The power supply restoration problem in active 

distributed system with DG can be formulated as a 
multi-objective integer optimization problem [15]. The 
objective function of these two methods are approximate the 
same, but the difference is whether to change the status of 
the inter-switchers to change system topology. 
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In the sequential restoration process, one switcher was 
chosen to be closed at every turn. The objective function 
consists of the costs of all the switchers need to close in the 
restoration process. In (1), the objective function consists of 
three parts, time costs of switchers, penalty of not recovering 
all the non-fault loads and penalty of increased load rate of 
non-fault branches.  

In (2), i represents time costs of different types of 
switchers. The cost of local switcher is lowest, with 1 0.1, 
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and the cost of inter-switchers are higher relatively. What’s 
more, we suppose that all of the buses belong to different 
zones according to which bus line it connects to. And 
inter-switchers connecting the same zones ( 2 0.2 ) are 
lower than inter-switchers connecting two different zones 
( 3 0.3 ). In (3), i  present the priority of different 
loads. In order to recover the critical loads at first place, we 
suppose the priority of critical and non-critical loads is 100 
and 1.  

In (2), (3) and (4), ix , jy and kz are the variables of 
function 1nf , 2nf and 3nf  respectively. However, in the 
process of optimization, ix is selected as the direct variable 
of F , while jy and kz are the indirect variables, which is 
changing with ix . 

It should be noted that, the importance of these three 
indicators is not the same. In general, the most important 
indicator is to recover highest possible loads, with 1 5 . 
The significance level of time cost ( 2 3 ) is higher than 
that of penalty of power flow variation ( 2 3 ). A 
hierarchical penalty mathematical function was introduced to 
fit the different importance of the indicators and normalized 
the indicators. In [2], 1,2,3i x i is hierarchical 
function, which can be defined as follows [16], we had 
 ,i i i n nf x x X  (5)  

where for all nx X , 0 0i  and 
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C.  Constrains 
Constraints were divided into three categories. In the 

restoration process, the constraints would be checked at 
every turn. If all the constraints were satisfied at one turn, 
then we can search for the next switchers to close. Otherwise, 
the optimization would work until a feasible switcher was 
found. 

(1)Operation constraints 

 _ _
1 1

node nodeN N
D

ki bran ki ij bran ij i i
k k

P x P x P y   (7) 

 _ _
1 1

node nodeN N
D

ki bran ki ij bran ij i i
k k

Q x Q x Q y  (8) 

 _
ij ij ij ij

ij ij bran ij
i

P R Q X
I Z x

U
 (9) 

These constrains are the basic power flow constrains 
which should be satisfied during the period of operation. In 
(7) and (8), active power and reactive power balance 
equations were presented. While the constraint given in (9) 
represents the compliance to Kirchhoff’s second law for 
each branch of the system. 

(2)Safety constraints 

 j j j j jy V V y V   (10) 

 
22

j j jI y I   (11)  
The constraint given in (10) and (11) represent the 

operation limits of voltage and current, respectively. 
(3)Variable constraints 
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 0,1jy  (15) 
The constraint (12) confirms one switcher can be 

operated at a time. In (13), it shows the relationship 
between ix and jy . If the branch between bus thi  and 
bus thj  is closed, the status of iy and jy are 1. Otherwise, 
the bus status can be 1or 0. In (14) and (15), the data ranges 
of ix and jy are given.  

 
III. NUMERICAL RESULTS 

  
In this section, a set of  numerical experiments were 

carried out to verify the effectiveness of the proposed power 
supply restoration solution using the 53-bus distribution 
network, as adopted in previous work ( [2],  [17]). The 
topology and configuration of the test network is shown in 
Fig. 3, and the parameters of buses and branches are adopted 
from [2]. There are in total 3 substations and 50 buses with 
the nominal voltage and total demand of 13.8 kV and 
45.67+j22.1 MVA, respectively. It is supposed that the 
substation bus voltage is 1.05p.u and the upper and lower 
voltage limits of buses are 1.05p.u and 0.95p.u. respectively. 
The proposed power supply restoration approach is 
implemented in Matlab and the mixed integer programming 
optimization problem is solved using CPLEX version 12.5.  
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Fig.3 The topology and configuration of 53-bus test network 

A. Scenario 1 
The proposed supply restoration method is assessed 

through a comparative study of two different supply 
restoration approaches: (1) no critical loads priority and no 
partition in the system (2) with critical loads priority and 
partition in the system. In the first method, all loads are in 
the same priority, and the costs of closing an inter-switcher 
connecting different or identical zones are the same. While 
in the second method, some of the loads are critical loads, 
which should be recovered firstly and quickly. What’s more, 
the inter-switcher connecting different or the identical zones 
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shows different costs. All the single-point faults in the 
network were considered in the study.  

The curve of recovering rate of critical loads and all 
loads with closing switcher times are shown in Fig. 4. From 
the Fig.4 (d), the  recovery rate curve of critical loads 
changing rapidly in first three times and the recovery rate 
reached 70% after changing 3 switchers by using the second 
method. However, the uptrend of recovery rate of critical 
loads by using the first method, in Fig.4 (d) is slower than 
second method as a whole, and it almost need closing 5 
switchers to recover 70% of critical loads. As for the 
condition of all loads, the curve of two methods are alike. 
Whereas, the difference is that the recovering rate in second 
method is a little lower than the first tests in that the 
recovering line is sparser in upper half of Fig.4 (c) than that 
in Fig.4 (a). As for the numbers of switchers to close to 
recover 70% all loads, the number are similar by these two 
methods, both about 6 times. In short, the recovering speed 
of critical loads is much faster in second method while the 
recovering trend of all loads is near the recovering trend of 
first method. 
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    (c)                         (d) 

(a) Recover rate of all loads in first method; (b) Recover rate of 
critical loads in first method; (c) Recover rate of all loads in second 
method; (d) Recover rate of critical loads in second method 

Fig. 4 The recovery rate for critical loads and all power load 
In Fig. 5, the performance results in terms of the safety 

indicators of the power supply restoration process, which 
includes over-voltage rate and line capacity, is presented. 
The voltage limit in the restoration process is [0.95,1.05], 
but the anti-interference ability of the system is relatively 
stronger if buses voltage are in [0.98,1.02]. The excessive 
part over [0.98, 1.02] of all the buses were summed up, and 
the data are shown in Fig.5 (a). It’s not difficult to find that 
the total over voltage condition in second method is higher 
than that in first method owing to the priority of recovering 
critical loads. As for the capacity allowance, the load rates of 
some non-fault branches would be influenced accordingly if 
the system topology changes. And we hope the distances 
between the upper limit and actual value of current of each 
influenced branches are higher the better. The distances 
between the upper limit and actual value of current of each 
influenced branches in the restoration process were summed 
up in every single-point faults. In Fig.5 (b), the capacity 
allowance is mostly the same, but the capacity of second 
method is lower than that of first method in some cases. 
However, with the distinction of inter-switcher connecting 

different zones and the identical zones, the inter-switchers in 
the same zones would be chosen to recover loads, which can 
reduce the over limit of line in recovery process.  
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Fig. 5 The safety indicators of the restoration process 
The system restoration always pay close attention to the 

time costs and the stability of the system. We consider the 
time costs and the safety allowance, which are the second 
and third indicators of F relatively, as the total costs in the 
restoration process. The costs of first method were regarded 
as a benchmark, and the ratios between first and second 
method of every single-point faults were shown in Fig.6. In 
Fig.6, the costs of these two method is same in most cases, 
but the cost of second method is much lower than that of 
first method in some cases on account of the partition of the 
system. However, there are also some cases, where the costs 
of second method are a little higher than the first method, by 
the reason of the need of recovering critical loads. 
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Fig. 6 The cost ratios between tests with and without critical 

loads and partition   
B. Scenario 2 

In this scenario, a sets of experiments were carried out 
to verify the effectiveness of the intelligent selective method. 
In the first sets of experiments, the restoration method 
without selection but only topology restoration was utilized. 
While in the second sets of experiments, we can choose 
DG-based recovery or system configuration in the 
restoration process. All the cases of single-point faults were 
carried out likewise. 

The curve of recovery rate of critical loads and all loads 
in both method are shown in Fig. 7. In (b) and (d), the curve 
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of recovery rate are almost same, except for two cases, 
where the critical loads were resupplied faster in second 
method than that in first method. The numbers of switchers 
to close to recover 70% critical loads are same in both 
methods, about 3. In regard to all loads, the uptrend of two 
method is almost the same in Fig. 7 (a) and (c), and the 
numbers of switchers to be closed to recover 60% loads in 
two method are the same, both 6.  1 2 3 4 5 6 7 80
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    (c)                         (d) 
(a) Recover rate of all loads in first method; (b) 

Recover rate of critical loads in first method; (c) Recover 
rate of all loads in second method; (d) Recover rate of 
critical loads in second method 

Fig. 7 The recovery rate of critical loads and all 
power loads 

The results of safety indicators in two methods were 
presented in Fig.8.In (a), it’s not difficult to find that the total 
over voltage in second method is higher than that in first 
method, especially in right half of the figure. It’s because of 
lacking DG and inter-switchers in node 46-50, and when 
fault happens, the loads need to be recover is much higher 
than the supply. Thus buses are in unstable statuses. So the 
over voltage is higher. In Fig.8, the capacity allowance is 
mostly the same, except for some difference, and the 
capacity of second method is lower than that of first method 
owing to the intelligent selection of inter-switchers in the 
identical zones, which can ease the load rates of branches. 
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Fig. 8 The safety indicators of the restoration process 
Fig.9 presents the results of the cost ratio. The costs of 

these two methods are same in most cases, but the  cost of 
second are much lower than that of first method on account 
of DG-based methods. 
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Fig. 9 The cost ratios between tests with and without selection 

All in all, with the considering of critical loads, and 
partition of the system, the critical loads can be recovered in 
first place during the restoration process and the system 
would choose the branches in light loads to supply the power. 
What’s more, the intelligence method also improves the 
flexibility of the restoration process and decrease the cost of 
restoration while ensure the recovering rate.  

 
IV. CONCLUSION AND REMARKS 

 
In this paper, an intelligent restoration scheme in 

distribution system with DG was proposed. A mathematical 
restoration model was presented to recover all the critical 
loads as soon as possible and as much as possible loads. And 
the mix integer model was solved efficiently by the 
commercial solvers, CPLEX.  

The numerical result obtained from the experiments 
clearly demonstrated the excellent performance of the 
intelligence restoration method with considering of the 
critical loads.. In respect to the future work, two research 
directions are considered worth further efforts: The 
restoration algorithmic solution can be further validated and 
assessed through the application in trial studies in realistic 
networks. Also, the outcome of this study can be 
incorporated into the planning of active distribution works to 
optimally allocate the resources (e.g. DGs and storage units) 
to enhance the network robustness and reliability.   

 
ACKNOWLEDGEMENTS 

 
This work is supported in part by Zhejiang Provincial 

Natural Science Foundation of China (LZ15E070001). 
 

REFERENCES 
 

[1] W. Liu, L. Sun; Z. Lin, “Multi-objective restoration 
optimisation of power systems with battery energy 
storage systems,” IET Generation, Transmission & 
Distribution, vol.10, no.7, pp.1749-1757, 2016. 

[2] R. Romero, J. Franco, F.B.Leão, “A new mathematical 
model for restoration problem in balanced radial 
distribution system,” IEEE Trans. Power Del., vol.23, 
no.2, pp. 1259-1268, 2016. 

[3] A. Botea, J. Rintanen, D. Banerjee,”Optimal 
reconfiguration for supply restoration informed A* 
search”, IEEE Trans. Power Del., vol.2, no.2, 
pp.583-593, 2012. 

[4] J.Li, X. Yuan, C.Liu, K.P. Scheneider,” Distribution 
system restoration with microgrid using spinning tree”, 
IEEE Trans. Power Sys., vol. 29, no.6, pp.3021-3029, 
2014.  

[5] C. Wang, V. Vittal, K. Sun, “OBDD-Based 



2016 China International Conference on Electricity Distribution (CICED 2016) Xi’an, 10-13 Aug, 2016

Page 6 6Paper No. CP1179

sectionalizing strategies for parallel power system 
restoration”, IEEE Trans. Power Sys., vol. 26, no. 3, pp. 
1426–1433, 2011. 

[6] C. Y. Teo, W. Shen, “Development of an interactive 
rule-based system for bulk power system restoration”, 
IEEE Trans. Power Sys., vol. 15, no 2, pp. 646–653, 
2000. 

[7] A. Elmitwally, M.Elsaid, M. Elgamal, “A 
fuzzy-multiagent service restoration scheme for 
distribution generation” IEEE Trans. Sus. Energy, 
vol.6, no.3, pp.810-821, 2015. 

[8] B.Zhao, X.Dong, J.Borenmann, “Service restoration 
for a renewable-powered micrigrid in unscheduled 
island mode”, IEEE Trans. Smart Grid, vol.6, no.3, pp. 
1128-1136, 2015. 

[9] K. Zou, A. P. Agalgaonkar, K. M. Muttaqi, “An 
analytical approach for reliability evaluation of 
distribution systems containing dispatchable and 
nondispatchable renewable dg units,” IEEE 
Transactions on Smart Grid , vol.5, no. 6, pp. 
26572–2665, 2014. 

[10] I. S. Baxevanos , D. P. Labridis, “Implementing 
multiagent systems technology for power distribution 
network control and protection Management”, IEEE 
Trans. Power Del., vol. 27, no. 1, pp. 612–620, 2007. 

[11] Y. Jiang, J. Jiang, Y. Zhang, “A 
novel fuzzy multiobjective model using adaptive 
genetic algorithm based on cloud theory for 
service restoration of shipboard powersystems”, IEEE 
Trans. Power Sys., vol. 27, no. 1, pp. 433–443, 2012. 

[12] H. Liang, X. Gu, D. Zhao, “Optimization of system 
partitioning schemes for power system black-start 
restoration based on genetic algorithms”, Asia-Pacific 
Power and Energy Engineering Conference, pp.1-4, 
2010. 

[13] S. Nourizadeh, M. J. Karimi, A. M. Ranjbar, A. 
Shirani,” Power system stability assessment during 
restoration based on a wide area measurement system”, 
IET Generation, Transmission & Distribution, vol. 6, 
no. 11, pp. 1171-1179, 2013. 

[14] A.A. Mota, L. T. M. Mota, A. Morelato,” Visualization 
of power system restoration plans using CPM/PERT 
graphs”, IEEE Trans. Power Sys., vol. 22, no. 3, pp. 
1322–1329, 2007. 

[15] Y. Kumar, B. Das, and J. Sharma, “Multiobjective, 
multiconstraint service restoration of electric power 
distribution system with priority customers,” IEEE 
Trans. Power Del., vol. 23, no. 1, pp. 261–270, 2008. 

[16] B. Fortz, M.Throup, “Internet traffic engineering by 
optimizing OSPF weights”, in IEEE INFOCOM 2000 

[17] V. Miranda, J. V. Ranito, and L. M. Proença, “Genetic 
algorithm in optimal multistage distribution network 
planning, ”IEEE Trans. Power Syst., vol. 9, no. 4, pp. 
1927–1933, 1994. 

 
Le Jiang obtained BS degree in Electrical Engineering from 
North China Electric Power University in 2015. She is a 
postgraduate student in Zhejiang University currently, and 
her research interests are in active distribution system and 
renewable energy. 
 
Dr. Qiang Yang obtained the BS degree (first class honors) 
in Electrical Engineering in 2001, and received the M.Sc. 
(with distinction) and Ph.D. degree both in Electrical 

Engineering from Queen Mary, University of London, 
London, U.K., in 2003 and 2007, respectively. He has 
worked as a Postdoctoral Research Associate at the 
Department of Electrical and Electronic Engineering, 
Imperial College London, U.K., from 2007 to 2010 and 
involved in a number of high-profile U.K. EPSRC and 
European IST research projects. Currently he is an Associate 
Professor at College of Electrical Engineering, Zhejiang 
University, China, and has published more than 100 
technical papers, co-authored 2 books and holds 5 national 
patents. His research interests over the years include 
communication networks, smart energy systems, and 
large-scale complex network modeling, control, optimization, 
and simulation. He is the member of various international 
academic bodies including IEEE, IET and IEICE as well as 
the Senior Member of China Computer Federation (CCF) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




