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Abstract— Path-planning is an interesting problem in mobile 

robotics. This paper proposes an alternative approach to path-

planning of mobile robots using the artificial bee colony (ABC) 

optimization algorithm. The problem undertaken here attempts 

to determine the trajectory of motion of the robots from 

predefined starting positions to fixed goal positions in the world 

map with an ultimate objective to minimize the path length of all 

the robots. A local trajectory planning scheme has been 

developed with ABC optimization algorithm to optimally obtain 

the next positions of all the robots in the world map from their 

current positions, so that the paths to be developed locally for n-

robots are sufficiently small with minimum spacing with the 

obstacles, if any, in the world map. Experiments reveal that the 

proposed optimization scheme outperforms two well-known 

algorithms with respect to standard metrics, called average total 

path deviation and average uncovered target distance.  

Keywords-artificial bee colony optimization algorithm;multi-

robot path-planning;csntralized plannin. 

I. INTRODUCTION 

Swarm intelligence added a new dimension in artificial 

intelligence to study the collective behavior and emergent 

properties of complex systems with a definite social structure. 

In recent years a number of swarm based optimization 

techniques have been proposed, among which we here discuss 

about the artificial bee colony optimization algorithm [2] 

proposed by Karaboga and Basturk. 

The artificial bee colony optimization (ABC) technique is a 

population based algorithm for numerical function 

optimization that draws inspiration from the stochastic 

behavior of foraging in bees. Recent studies have suggested 

that ABC is better suited in terms of convergence speed to 

solve multi-objective optimization problems than other 

evolutionary algorithms (EA) like differential evolution (DE) 

and particle swarm optimization technique (PSO) [3].We here 

apply the algorithm to the path-planning problem in mobile 

robotics. Given a world map for the robot, the path planning 

problem attempts to determine a trajectory of motion for the 

robot from an assigned starting point to a given goal position 

without collision with the given obstacles or other robots in 

the vicinity of the given robot. 

      The method we employ here, the artificial bee colony 

optimization algorithm, satisfies all the pre-requisites of a 

meta-heuristic algorithm and also performs well on a wide 

variety of test problems as shown by Basturk and Karaboga 

[3]. 

      In ABC trial solution, the population directly affects the 

mutation operation since it is based on the difference of two 

members of the population. Hence by this method the 

information of a good member of the population is distributed 

among others due to the mutation operation and greedy 

selection mechanism employed to obtain a new member of 

the population. In the ABC, while the intensification process 

is controlled by the stochastic and the greedy selection 

schemes, the diversification is controlled by the random 

selection. 

      The path-planning problem taken up here is formulated 

by a centralized approach, where an iterative algorithm is 

invoked to determine the next position of all the robots 

satisfying all the constraints imposed on the multi-objective 

function. The algorithm is iterated until all the robots reach 

their destination (goal position).       

      For realization with ABC by the centralized approach, a 

fitness function is constructed to determine the next position 

of the robots that lie on optimal trajectories leading towards 

the respective goals. The fitness function of the ABC has two 

main components: 1) the objective function describing the 

selection of next position on an optimal trajectory, and 2) the 

constraint representing avoidance of collision with other 

robots and with static obstacles, placed co-ordinates. 

      This article is structured as follows. In Section II we 

present the formulation of the multi-robot motion planning 

problem. The ABC is discussed in Section III. The pseudo-

code for solving the given constrained optimization function is 

scripted in Section IV and the experimental results are 

described in Section V. Results and discussion are given in 

Section VI. 

II. FORMULATION OF THE PROBLEM

The formulation considers the evaluation of next positions 

of the robots from their current positions in a workspace 

avoiding collision with other robots and static obstacles in the 

workspace. The current position and goal position of each 

robot is known with respect to a given reference co-ordinate 

system. The following principles are used satisfying the 

assumptions. 

1) A robot first determines the next position in order to 

align itself with the goal and thus constructs a local of 

motion at that position. 

2) This alignment may result in a possible collision with 

the teammates, if more than one robot tries to occupy 

same next position. The collision may occur with static 
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obstacles, if the determined next position has already 

been occupied by a static obstacle. To avoid such 

collision, the robot has to turn left or right by certain 

angle and hence new next position is to be determined. 

3) If a robot can align itself towards its goal position 

without any collision, it will move to that calculated 

next position. 

4) If turning left or right requires the same angle of 

rotation of the robot about z-axis, the tie is broken 

arbitrarily. 

According to principle (1) each robot first determines 

its next position towards its goal. 

Fig. 1. Current and next position of the i-th robot 

Let, 

( )  be the current position of the robot at time 

instant t

( )    be the next position of the robot at time instant 

(t+1)

(  be the goal position of the robot 

          be the angle of rotation of robot  to align itself      

towards its goal position 

           be the velocity of robot 

So from Fig. 1, we have 

 (1) 

 (2) 

For =1 sec, above equations are reduced to 

 (3) 

 (4) 

According to principle (3) if determined next position of 

robot , ( ) is not occupied by any other robot or static 

obstacle,  should move to ( ) and then ( ) will 

become its current position. 

According to principle (2) if determined ( ) results in a 

collision, this ( ) has to be abandoned and new ( ) is 

calculated so that the line joining ( ), ( ) and ( ),

(  do not touch the static obstacle as shown in Fig. 2. 

Fig. 2. Selection of (
ix′ ,

iy′ ) from (
ix ,

iy ) to avoid collision with obstacle. 

In order to reach the goal position ( the parameters 

which must be taken care are given as follows. 

Total Euclidean distance traversed by robot  from current 

position ( ) to next position ( ) and from next position 

( ) to goal position ( , which is given as 

+  (5)   

Substituting the values of   and  from (3) and (4) we 

have for all n robots 

{ }
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 A minimization of Dist confirms that the robots will follow 

the shortest paths. The distance between next position of robot 

 and all other teammates is given as . In order to avoid 

collision of the i-th robot with the j-th robot, we have to 

consider the constraint 

Let the distance between next position of robot  and 

nearest static obstacle is given as . The optimization 

problem here includes an objective function f, concerning 

minimization of Euclidian distance between the current 

positions of the robots with their respective goal positions, 

constrained by obstacles and teammates on the path. The 

objective function for the proposed optimization problem is 

given by 
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 where (>0) and (>0) are scale factors. In our 

experiments, we used =5000 and =100. These 

parameters are set in a manner to have all the terms on the 

right hand side of (7) in the same order of magnitude. 

III. ARTIFICIAL BEE COLONY OPTIMIZATION ALGORITHM 

(ABC) 

In ABC algorithm, the colony of artificial bees contains 

three groups of bees: 

• A bee waiting on a dance area for making decision to 

choose a food source is called an onlooker.

• A bee going to the food source visited by it previously 

is named as employed bee.

• A bee carrying out random search is called a scout.

In ABC algorithm, the position of a food source represents 

a possible solution of the optimization problem and the nectar 

amount of a food source corresponds to the fitness of the 

associated solution. The number of employed bees and 

onlooker bees is equal to the number of solutions in the 

population 

The ABC algorithm consists of following steps: 

A. Initialization

ABC generates a randomly distributed initial population P

(g=0) of solutions (food source position). Each solution Xi

xi

yi

(xi,

(xi′, yi′)

xi′

yi′

θi

Vi

y

x

(xi′, yi′)

(xig, yig)

(xi, yi)

y

x

Obstacle 
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(i=0, 1, 2,…, -1) is a D dimensional vector. Here D is the 

number of optimization parameters. 

B. Placement of employed bees on the food sources

An employed bee produces a modification on the position 

(solution) in her memory depending on the local information 

(visual information) as stated by equation (9) and tests the 

nectar amount (fitness value) of the new source (new 

solution). Provided that the nectar amount of the new one is 

higher than that of the previous one, the bee memorizes the 

new position and forgets the old one. Otherwise she keeps the 

position of the previous one in her memory. 

C. Placement of onlooker bees on the food sources

After all employed bees complete the search process; they 

share the nectar and position information of the food sources 

(solutions) with the onlooker bees on the dance area. An 

onlooker bee evaluates the nectar information from all 

employed bees and chooses a food source depending on the 

probability value associated with that food source, pi,

calculated by the following expression: 

(8) 

  (8) 

       where  is the fitness value of the solution Xi

evaluated by its employed bee, which is proportional to the 

nectar amount of the food source in the position i and  is the 

number of food sources which is equal to the number of 

employed bees. After that, as in case of employed bee, 

onlooker bee produces a modification on the position 

(solution) in her memory and checks the nectar amount of the 

candidate source (solution). Providing that its fitness is better 

than that of the previous one, bee memorizes the new position 

and forgets the old one. 

In order to find a solution in the neighborhood of Xi, a 

solution parameter j and another solution Xk are selected on 

random basis. Except for the value of chosen parameter j, all 

other parameter values of are same as in the solution xi, for 

example, 

=( , ,…, ).  

The value of parameter in  solution is computed using 

the following expression: 

 (9) (9) 

 where u is a uniformly random variable in [-1, 1] and k is 

any number  between 0 to Np-1 but not equal to i.

D. Scout Bee Phase 

In the ABC algorithm, if a position cannot be improved 

further through a predefined number of cycles called ‘limit’, 

the food source is abandoned. This abandoned food source is 

replaced by the scouts by randomly producing a position. 

   After that again steps (B), (C) and (D) will be repeated 

until the stopping criteria is met. 

IV. SOLVING HE CONSTRAINT OPTIMIZATION ALGORITHM 

USING ABC 

 In this section we propose a solution to the centralized 
version of the multi-robot motion planning problem using 

ABC. Here angles of rotation of n robots are considered to be 

parameters of each solution. An algorithm outlining the 

scheme is discussed below: 

Pseudo Code:

Input: Initial position ( ), goal position ( , ) and 

velocity for n robots where  and a threshold value .

Output: Trajectory of motion for each robot from ( )

to ( , )

Begin 

 Set for all robot i

 For robot 1=i to n

Repeat 

           Call ABC ( , pos-vector) 

// pos-vector denotes current position of all robots // 

   Move-to ( , );

Until || ||

   //  = ( , ), Gi = ( , ) // 

End for; 

End. 

Procedure ABC ( , pos-vector) 

Begin 

  Initialize all the food sources (initial population) and problem 

parameters as well as algorithm parameters like “limit”. 

  Evaluate the fitness ( ) of the population. 

For Iter=1 to Maxiter do 

Begin 

    For each employed bee

Begin 

      Produce a new solution  from (9); 

       Calculate its fitness value ;

If Then ;

Else         

End If; 

End For; 

For each onlooker bee 

Begin

Select the food source depending on as in (8);  

Produce new solution using the same (9); 

Calculate its fitness value; 

If Then ;

Else         

End If; 

End For; 

    Memorize the best solution obtained so far; 

For i=0to Np-1 

 Begin 

If >limit Then reinitialize by scout bee;

End If; 

End For;     
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End For; 

Update:

;

Return.

V. EXPERIMENT AND COMPUTER SIM

The multi-robot path planning was imple

Pentium processor. The experiment was p

similar soft-bots of circular cross-sections. T

was 6 pixels. For each robot the starting and

predefined prior to initiating the experiment

were performed with 2, 4, 6, 8 and 10 d

obstacles. The experiments were condu

velocities for all the robots in a given run

however, the velocities were adjusted over

the same program. 

One of our experimental world-maps is

Fig. 3(a) demonstrates an initial configurat

map with 4 dark obstacles and the start

positions of 6 circular soft-bots. The steps of

the robots are shown in Fig. 3(b). 

                          Fig. 3(a)                                         Fig. 3

Fig. 3. Initial and final configuration of the world map w

To analyse the performance of the pro

motion-planning problem, we measured th

parameters 

A. Average total path deviation (ATPD) 

Let be a path from the starting point S
Gi generated by the program for robot Ri in t

Pi2,…, Pik are the paths generated over k run

path traversed (APT) by robot Ri is given by 

If the ideal path for robot Ri obtained geom

then the average path deviation is given by 

Therefore for n robots in the workspace the 

deviation (ATPD) is  

)

B. Average Uncovered Target Distance 

Given a goal position Gi and the curren

robot on a 2-dimensional workspace, where

dimensional vectors, the uncovered distance

Ci ||, where ||.|| denotes Euclidean norm. 

For n robots, uncovered target distance (UT

||Gi- Ci || i.e., 

UTD=

MULATION

emented in C on a 

erformed with 10 

The radius of robot 

d goal position are 

t. The experiments 

differently shaped 

ucted with equal 

n of the program; 

r different runs of 

s shown in Fig. 3. 

tion of the world-

ing and the goal 

f the movement of 

3(b) 

with 4 obstacles 

oposed multi-robot 

he following two 

Si to the goal point 

the k-th run. If Pi1,

ns then the average 

metrically is Pi-ideal,

average total path 

nt position Ci of a 

e Gi and Ci are 2-

 of robot i is || Gi-

TD) is the sum of   

For all experiments conduc

k=10.

The experiment was con

version of the algorithm, whe

function to determine the next 

current position. The algorithm

reach their respective goal posi

be n and the number of obstacl

Fig. 4 shows that with decr

longer time to attain zero va

follow for the number of robot

versus number of steps plot (Fi

Fig. 4. AUTD vs. Number of steps w

obstacles=5(constant)

Fig. 5. AUTD vs. Number of steps 
number of obstacles=8(constant) 

Fig. 4 shows that the AU

iterations. Further, it is note

settings of the robots in progra

in the AUTD profile. 

The fall-off in AUTD ove

demonstrated in Figs. 5 whe

number of robots, the slow

convergence, in turn, causes a d

Fig. 6(a). ATPD vs. Number of robots
for velocity=12 unit (constant) 

ted in this study, we considered 

nducted using the centralized 

ere we used (7) as the fitness 

position of each robot from

m is iterated until all the robots 

itions. Let the number of robots 

es m.

rease in velocity, AUTD takes a 

alue. Similar observations also 

ts n, as a variable in the AUTD 

ig. 5).

with velocity as variable for number of 

with number of robots as variable for 

UTD gradually diminishes with 

d that the larger the velocity 

am run, the faster is the fall off 

r program steps for a given n is 

ere we see that the larger the 

wer the convergence. Slower 

delayed fall-off in AUTD. 

s with number of obstacles as variables 
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Fig. 6(b). ATPD vs. Number of obstacles with number

for velocity=12 unit (constant) 

We note from Fig. 6(a) that ATPD is 

function of n for a constant m. An intuitive

this phenomenon is that with increase in n,

constraints to plan local trajectories, thereby 

It is also noted from Fig. 6(a) that for a cons

in m causes more spatial restrictions in tra

thereby increasing ATPD. The same observa

Figure 6(b). 

The relative performance of DE, PSO 

studied through error estimation as indicate

In these figures, we plotted the average of to

(ATPT) obtained from classical DE-, PSO- 

experiments, corresponding to each value

evaluated the error in ATPT by taking the di

values obtained from DE and ABC and al

ABC as shown in Fig. 7(b). Let Ei be the 

sample data. Since the errors for different s

positive, indicating a superiority of ABC ov

measure of the relative goodness of ABC o

can be defined as the root mean square erro

and Er.m.s= 107.323 respectively. This show

an advantage over DE and PSO for the m

planning problem. Of course, the root m

(28.584 and 107.323 respectively) at the sam

insignificantly less than the root mean squar

and 1136.364 respectively) of the averaged 

DE, PSO and ABC - based simulations. 

 Fig. 7(a). Average total path traversed vs. Number of ro

Fig. 7(b). Average (dotted line) and the difference (so
Number of robots obtained from the Fig. 7(a) 

r of robots as variables 

a non-decreasing 

e interpretation of 

 robots face more 

increasing ATPD. 

stant n, an increase 

ajectory planning, 

ations follow from 

and ABC can be 

ed in Fig. 7(a)-(b). 

otal path traversed 

and ABC - based 

e of n. We also 

ifference of ATPT 

so from PSO and 

error for the i-th 

ample data are all 

ver DE and PSO, a 

over DE and PSO 

or Er.m.s= 28.584 

ws ABC as having 

multi-robot motion 

mean square error 

mple points being 

re value (1091.754 

ATPT profiles for 

obots 

olid line) of ATPT vs. 

In Fig. 8, we plotted the a

(ATPD) obtained from classica

experiments, corresponding to

figure it has been noted that pa

ABC-based simulation is less 

PSO- based simulations. 

From Fig. 9, it has been not

to attain a zero value in case o

simulations than ABC-based si

The relative performance of

be studied through the plot o

target distance (AUTD), total p

path deviation (ATPD) obtain

based experiments and also by

required for the robots to reach

PSO based algorithm as shown

to have marginally outperfo

considering all the cases. 

Fig. 8. Average total path deviation vs.

Fig. 9. Average uncovered target distan

Fig. 10(a). Final configuration of the w
based simulation with 6 robots and 4 o

average of total path deviation 

al DE-, PSO- and ABC - based 

o each value of n. From the 

ath deviation incurred in case of 

 than that of classical DE and 

ted that AUTD takes more time 

of classical DE and PSO- based 

imulation. 

f ABC, DE and PSO-based can 

of average values of uncovered 

path traversed (ATPT) and total 

ned from ABC-, DE- and PSO-

y observing the number of steps 

h their goals with ABC, DE and 

n in Fig. 10 and 11. ABC seems 

ormed classical DE and PSO 

. Number of robots 

nce vs. Number of steps 

world map after execution of the ABC- 
bstacles requiring 33 steps. 
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Fig. 10(b). Final configuration of the world map after e
simulation for 6 robots and 4 obstacles requiring 34 step

Fig. 10(c). Final configuration of the world map after ex

simulation for 6 robots and 4 obstacles requiring 36 step

Fig. 11(a). Final configuration of the world map aft
based simulation with 6 robots and 2 obstacles requiring

Fig. 11(b). Final configuration of the world map after e

simulation for 6 robots and 2 obstacles requiring 37 step

execution of DE- based 
ps. 

xecution of PSO based- 

ps. 

fter execution of ABC- 
g 35 steps. 

execution of DE- based 

ps. 

Fig. 11(c). Final configuration of the w
simulation with 6 robots and 2 obstacle

VI. RESULTS A

Although the local converg

might encounter the prematu

multi-modal functions. This pr

in ABC as the scout is assigne

food sources, after the empl

exhausted the profitable food

iterations of the program.  

Simulation results obtained

ABC algorithm performs better

(DE and PSO) and can be 

practical engineering problems

VII. CO

The paper introduced a new

planning in a given environme

select the shortest path length 

any obstacles in the world map

employed here for local path-p

Experiments reveal that the pro

PSO- and DE-based path-pl

respect to two well-known 

introduced in [4]. 

REFER

[1] Karaboga, D., An idea based
optimisation, Technical 
Engineering Faculty, Compute

[2] B. Basturk, Dervis Karabog
Algorithm for Numeric fu
Intelligence Symposium 200
Indiana, USA. 

[3] D. Karaboga, B. Basturk, On t
(ABC) algorithm, In: Applied 

[4] J. Chakraborty, A. Konar, A
Path Planning Using D
Computation, 2008, CEC 
Computational Intelligence), P

[5]  R. Storn, K. Price, Different
Heuristic for Global cont
Optimization, vol. 11, no. 4, pp

[6] (2002) The IEEE website. [On

[7] M. Young, The Technical W
University Science, 1989. 

[8]  D. Karaboga, B. Akay, A Surv
Intelligence, Artificial Intellige

85.  

[9]  J. Vesterstrom, R. Thomsen, A
Evolution, Particle Swarm Op

Algorithms on Numerical benc

world map after execution of PSO- based 
es requiring 38 steps. 

AND DISCUSSION

ging speed of DE is good, it 

ure convergence in optimizing 

roblem is however taken care of 

ed the task of searching for new 

oyed and onlooker bees have 

d source obtained after certain 

d in this experiment show that 

r than the mentioned algorithms 

efficiently employed to solve 

 with high dimensionality. 

ONCLUSION

w technique for multi-robot path-

ent with an ultimate objective to 

of all the robots without hitting 

p. The ABC algorithm has been 

lanning of the individual robots. 

oposed scheme outperforms the 

lanning scheme at least with 

metrics: ATPT and AUTD, 

RENCES

d on honey bee swarm for numerical 
Report-TR06, Erciyes University, 

er Engineering Department, 2005.  

ga, An Artificial Bee Colony (ABC) 
unction Optimization, IEEE Swarm 
06, May 12-14, 2006, Indianapolis, 

the performance of artificial bee colony 
Soft Computing 8 (2008) 687-697.  

A Distributed Cooperative Multi-Robot 
Differential Evolution, Evolutionary 

2008, (IEEE World Congress on 
Pages: 718-725, 23 September, 2008. 

tial evolution- A Simple and Efficient 
tinuous spaces, Journal of Global 
p. 341-359, 1997.  

nline]. Available: http://www.ieee.org/ 

Writer's Handbook. Mill Valley, CA: 

vey:  Algorithms Simulating Bee Swarm 
ence review, vol. 31, Jun 2009, pp 64-

A Comparative Study of differential 
ptimisation, and Evolutionary 

chmark Problems.

224 2011 Third World Congress on Nature and Biologically Inspired Computing



<<
  /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
  /CreateJDFFile false
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 1200
  /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

  /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 "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


