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Abstract— Optimal path planning is a key problem for the
control of autonomous unmanned ground vehicles. Particle
swarm optimization has been used to solve the optimal problem
in the static environment; however, optimal path planning for
UGV groups in a dynamical environment has not been fully
discussed. Accordingly, a dynamic obstacle-avoidance path
planning for an unmanned ground vehicle group was considered
as optimal problem for shortest path with formation constraints.
The problem was formulated in Cartesian space with detectable
velocity of both the vehicles and obstacles. The fitness function
was defined by minimizing the trajectory of the group while
keeping the V-shape formation of the group. Stable region of the
parameters are determined by analyzing the convergence of the
PSO algorithm. The simulation results demonstrated that the
augmented particle swarm optimization could get the shortest
path while keeping the V-formation and converged very fast.

Keywords—Obstacle avoidance, Particle swarm optimization,
Unmanned ground vehicle

1. INTRODUCTION

Obstacle avoidance and path planning are two important
problems for realization of an intelligent and autonomous
unmanned ground vehicle (UGV). Extensive researches have
been performed to address these problems and different
methods have been applied, for example, potential field
algorithms for a UGV in a static environment without any
moving obstacles [1], [2], [3], [4]. In addition, trajectory
planning for one UGV in dynamical environment has been
presented by Fraichard [5]. Recently, cooperation among a
UGV group imposed the demand of trajectory planning for a
group of UGV while keeping a desired formation in a dynamic
environment. Existing studies have demonstrated the
effectiveness of fuzzy logic and potential fields method to find
an optimal collision free trajectory for a group of UGV with a
fixed formation in a static environment [6], [7]. However, little
research has been performed on the optimal path planning of a
UGV group in a dynamical environment. Therefore, the
objective of this study is to formulate the path planning for a
group of UGV as an optimal problem with some formation
flexibility.

Particle swarm optimization (PSO) has been used to solve
optimization problem [8]. As a population based stochastic
optimization technique, PSO was inspired by social behavior of
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bird flocking. PSO cannot guarantee the global optimization,
but it generates high-quality solution with less calculation time
and stable convergence characteristic [10]. It has been
introduced to trajectory planning for the shortest path in a static
environment without any obstacles [9]. In addition, augmented
Lagrangian particle swarm optimization (ALPSO) has been
successfully applied to find the shortest path in an environment
with static obstacles [5]. In this paper, we will extend the
application of ALPSO to find shortest path to avoid multiple
dynamical obstacles for a group of UGV while keeping the V-
shape of the group.

II.  PARTICLE SWARM OPTIMIZATION

In the PSO algorithm, a particle means one single
individual in the swarm and swarm is the entire collection of
particles. Each particle has different potential velocities and,
therefore, has different future positions. Each particle also
represents a candidate solution of the problem. Goodness of a
solution is evaluated by a performance index, namely, fitness
function. The location of a specific particle with the best fitness
is personal best (pbest). The location of the entire swarm with
the best fitness is global best (gbest). Evaluation of the fitness
function will update pbest and gbest position. The updating
laws for every particle’s velocity v; ; and position x; ; in the
swarm are written as equations (1) and (2)

v ;(t + 1) = wv; ;(t) + cyrand(1)[pbest — x; ;(t)]
+carand(1)[gbest — x; ;(t)] (D)

wij(t+1) = @ ;(t) +vij(t +1). 2
where x; ;(t), v; ;(t) be the current position and velocity of
the jth dimension of the ith particle, 0 is the inertia coefficient
which slows the velocity over time to prevent explosions of the
swarm and ensures ultimate convergence. Parameters c1 and ca
are the weights given to the attraction to the previous best
location of the current particle, and of the particle
neighborhood. Function rand(1) means random number
within the interval of [0, 1]. The dimension of the motion space
is defined as the minimum number of coordinates needed to
specify a point. In a Cartesian space, the dimension is 2.
A PSO algorithm is conducted as follows.

1) Determine the number of particles in a swarm and
initialize the position and velocity of each particle at x; ;(0)



and velocity vector v; ;(0) randomly. At time 0, set the initial
position as the pbest of each particle and the particle with
minimum fitness function has gbest position.

2) Update the velocity vector v; ;(t+ 1) and position
vector x; ; (¢ + 1) of particle 7 by (1) and (2) at time ¢ + 1.

3) Calculate the fitness at z; ;(t + 1). If it is better than the
fitness of pbest, the position vector z; ;(¢ + 1) is set as pbest.

If a fitness of pbest is better than fitness of gbest, the position
vector pbest is set as gbest.

4) Go to step 2 and start a new iteration until the fitness
reaches a desired value or the iteration reaches the
predetermined values.

An improved PSO algorithms has been presented by Clerc
[12] to guarantee the convergence of the PSO algorithm using a
constriction factor K as shown in equation (3)

v;j(t +1) = K[wv; j(t) + cirand(1)(pbest — x; ;(t))
+corand(1)(gbest — w; (t))] 3)
The convergence speed of PSO algorithm can be adjusted
by K, which will be discussed in section V.

III. PROBLEM FORMULATION

In this section, collision free trajectory planning for a UGV
group will be formulated into a mathematical description and
then combined with shape formation constraints. The outcome
of this study is to design a tool to guide a group of UGV to
travel from its current position to a desired position in an
environment with dynamic and static obstacles while
maintaining its shape formation.

A. Representation of vehicles and obstacles

Due to the heterogeneous shape of the unmanned ground
vehicles and obstacles, a circle is used to enclose a vehicle or
an obstacle. The center of a circle is considered as the position
of an object and radius of a circle is denoted as the size of an
object. Thus, vehicles and obstacles can be described by their
positions in a Cartesian space and sizes as <x,,y,,7,> for
vehicle, and < ,p;,Yobi,"obi> for the ith obstacle.

B. Obstacle avoidance constraint

The necessary requirement for a collision free motion of
two objects is to keep the distance between the centers of the
two objects larger than the summation of their sizes. To further
simplify the representation of the collision free condition, one
can add the size of a vehicle to the obstacle where motion of a
vehicle is diminished as one point. Thereby distance
requirement of collision-free is fully imposed to the virtual size
of obstacles as 1. + 7,p;. For safety consideration, a bumper
range € can be added to the virtual size of the obstacles also.

C. V-shape formation constraint

A V-shape formation has a vertice and two edges. In this
study a leader vehicle will be placed at the vertice and all
followers in the UGV group will be placed on the edges. Span
of the V-formation can be changed when the UGV group meets
obstacles. As shown in Fig. 1, once the group avoids the
obstacles, it returns to the original V-shape formation. Moving

direction of the group is defined by 6 and V-formation of the
group is characterized by ¢.
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Figure 1. [llustration of span change of a V-shape UGV group with three
vehicles in obstacle avoidance.

Given the pOSition of leader Oleader(Oleude'r:m Oleudery )3
the distance OleaderOfollowerr = Oleaderofollowerl =d and the
angle ¢ are fixed, the positions of followers on the right and
left edges to maintain V-formation can be calculated as

(Ofollowermﬂ Ofollowemy) = (Oleaderp O[eadery)
—(sin(p —90),cos(p —90))d,  (4)

(Ofollowenx s Ofollowemy) = (Oleadera:~ 0leadery)
—(cos(20 + ¢ — 180),sin(260 + ¢ — 180))d, (5)

where O foliower, ad O foliower, are the positions of the left
and right followers.

IV. TRAJECTORY PLANNING OF A UGV GROUP WITH PSO

Without losing generality, four assumptions have been
made while we carry out the trajectory planning for a UGV
group. 1) Velocity and position of each vehicle in a UGV group
is detectable and shared in the UGV group. 2) The maximum
available velocity of each vehicle in the UGV group is known.
3) The leading vehicle can detect the position and velocity of
the obstacles. 4) Size of the vehicles and obstacles are known
as priory. Due to the latest sensor technology, these
assumptions can be easily satisfied in real applications. In
addition, in a real application, the leader has limited detection
range R. Therefore if an obstacle is out of the detection range,
the collision free constraint on this obstacle will not be
considered.

To apply the PSO algorithm, the dynamical environment is
separated by concentric circles with radii n/ to n subspace. n is
the positive integer. The increase of the radius /, is determined
by the maximum velocity of a vehicle and obstacles.

I < (max {Top; } + T,) At. (6)

vopi 18 the velocity of ith obstacle and v;. is the velocity of a
vehicle, A¢ is the updating time for obstacle avoidance. In the
searching region including the origin, we choose the number of
particles is chosen as 20. In order to have the same particle
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density in every region, the number of particles is 2072 in the
nth region.

A.  Collision free path of the leader
1) Collision avoidance strategy for a single vehicle

Collision free constraint means at a specific time point, the
vehicle’s position (2,,%,-) cannot stay in the range of imposed
region of the obstacle, ie. the circle centered at
(Tobi(t)» Yobi(t)) with radius (7, + 7op; +€). Since PSO
algorithm determines the motion in a small period of time
(iteration), the collision free constraint is illustrated in Fig. 2.
Within each trajectory updating period (nAt, (n + 1)At),
travel of an obstacle covers a rectangular area. Height of the
rectangle is v, At + 2(% + o5 + €), and width of the rectangle is
2(rr +robi + ) - On(t)(Ora(t), Ory (1)) 5 On(t)(Ora(t +1), 05yt +1))
are the positions of the UGV group at time ¢ and ¢ + 1;
Ur(t) (Vr(t), vry(t)) is the wvelocity of a vehicle;
Vobi () (Vobia: (£)  Vobiy (t)) is the velocity of the ith obstacle in
Cartesian space.

Within the period of A¢, the vehicle located at O, and
obstacle located at O,;; might arrive the same position on the
X direction at
Orac(t) =}, 74 (t)

Atyepr = Vre (0)FVobiz () © @)

At Aty se, the left edge of the obstacle path on y-coordinate
is

Yiefta = Yjo g (t) + Vobiy (1) Dticfe. ®)

0, (t+1)
u Right

edge

*
Vo (O * Aty (X Vi) X

Figure 2. Using PSO to avoid obstacles.
At Aty 4, the coordinate of the vehicle on y-coordinate is:

YleftB = Ory (t) + 'Ury(t) Atleft' (9)

Similarly, trajectory of the vehicle and the right edge of ith
obstacle might also meet on x-axis at At,;44¢, and coordinates

of the obstacle and vehicle at At,;gpnt are Yrighta, YrightB,

which can be obtained using similar equations as (7-8). The
condition of collision free path is:

(Yiefta — YiertB) Yrighta — Yrighen) > 0. (10)

2)  Fitness function for a single vehicle

Fitness function quantifies the optimality of a solution in
the PSO and is the criteria to select particles as the candidates
to the global best. An appropriate fitness function, which is
based on the algorithm’s goal, is the key of the PSO algorithm.
For a single vehicle, the fitness function minimizes the distance
between the candidate solution and desired point and can be
written as:

Fleager = min Z?zl((orm(t + 1) - xdesired)2 + (Ory(t + 1) - ydeszred)z)\ (1 1)

where (T gesired, Ydesired) 1S the coordinate of desired point
and k is the number of current region.

3) PSO algorithm with constraint for a single vehicle

The updating law of a PSO algorithm was described as (1)-
(3) in section II. The purpose is to find the global best point
that can minimize the fitness function (11) with the constraint
(10). The PSO algorithm with constraint for a single vehicle is
presented as follows:

a) Get the environment information from the sensors
included the size, position and velocity of the obstacles.
Initialize the work space, position and velocity of the vehicle,
pbest and gbest.

b) Initialize 20m> particles with randomly chosen
positions in the nth region. Evaluate each position by fitness
function according to equation (11) in each sub-space.

¢) Update the position and velocity by updating laws (1)
and (3) for each particle, if these particles do not satisfy the
collision free requirement described in (10), these particles can
be ignored. Otherwise, compare fitness functions of these
particles with their previous pbest. If the new fitness functions
of these particles are better, set their personal best point. If the
fitness of personal best point is better than fitness of current
global best point, set this personal best point as the global best
point.

d) After 50 iterations, stop the searching.

e) With steps a-d, the trajectory for the leader is
determined in its current subspace. Repeat step a-d while the
leader enters a new subspace, until the vehicle arrives the
desired point.

B.  Collision free path for a group of UGV
1) Physical constraint and V-shape formation constraint
To keep the V-shape formation on a collision free path, the
followers stay in a limited range centered at the position of the
leader, and there are two physical constraints between the
leader and followers and between the two followers. The
physical constraints mean

d= Ofollower()leader 2 T follower + Tleader (12)

Ofollowerl Ofollower,- Z 2rfollower-, (13)
where Ojeader, O foliower are the central points of the leader
and follower; rcqder and 7 fo110wer denote the size of the leader
and follower.

Given the optimal position of the leader, the desired
position of a follower O je.siredr to keep the V-shape formation
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is known by (4) and (5). To keep the V-shape, the angle ¢ is
constant, span of the edges d is adjustable but has to stay in the
V-shape formation region.

d= OfollmuerOlea(ler < TGroups (14)
where rGroup s the predefined size of the UGV group. The
formation constraint has been rewritten as a distance constraint,
which leads to some flexibility of the span of the V-shape.
With such flexibility, the group will keep the V-shape in
general but not the exact formation all the time. The reduced
formation constraint is very important while the UGV group
passes through a doorway.

2) Fitness function for a UGV group

The goal of PSO for a UGV group is to find the shortest
path for the whole group and keep the V-shape formation as
long as possible. The fitness function includes evaluations for
both the leader and followers. For the leader, the fitness
function evaluates the distance between the candidate solution
and desired point

Fleader =min Zf:l ((Orz (t + 1) - :Cdesired)z + (Ory (t + 1) - ydesired)2)7 (15)
where (T gesired, Ydesired) 18 the coordinate of desired point.

For the followers, the fitness function evaluates the distance
between the candidate solution of follower and the desired
follower point.

Ffollnw = 7nin[(0fol!0u'er.r (t + 1) - Odesiredfa:(t + ]-))2
+(Ofollowe'r'y(t + 1) - Odesiredfy(t + 1))2} (16)

(Ofollowerw(t + 1)7 Ofollowery(t+1)) is the potential point of
follower at (n + 1)At. The fitness function for the UGV
group is the summation of the leader and followers.

3) PSO algorithm with constraint for a UGV group

The aim of the PSO algorithm for the UGV group is to find
the global best point that can minimize both the fitness function
(15) with the constraint (10) for the leader and the fitness
function (16) with the constraints (12-14) for the followers. The
algorithm is described as follows.

a) Carry out the PSO algorithm for single vehicle to
design the trajectory for the leader.

b) Carry out the PSO algorithm for two followers in the
UGV group to find the optimal point for followers.

¢) Repeat step a-b while the leader enters a new subspace,
until the vehicle arrives the desired point.

V.  STABILITY OF PARTICLE SWARM OPTIMIZATION

Stability analysis of the PSO algorithm was conducted
based on the difference equations defined in the equations (2-3).

By defining a nominal best p, and an error () between
the nominal best and the current position

(17)
(18)

&1 pbest+Eagbest
p < 3 3

e=p-—x(t),
where £ = cirand(1), & = corand(2), and £ = & + &o.

The dynamic system can be rewritten as
v(t+1) = Ku(t) + &(t)], (19)
e(t+1)=—v(t)+ (1 —&)e(t). (20)
Based on the equation (19-20), the updating law of error
equation and velocity equation are derived as

e(t+2)— (K -6+ 1e(t+1)+ Ke(t) =0, (21)
Characteristic equation of difference equation is
MN—(K=¢(+ DA+ K =0. (22)

Given the roots of Characteristic equation as Ay and A, the
general solution is:

e(t) = ar A + ag)l, (23)
where a1 and i are the coefficient of the general solution.
The convergence condition is

|/\1| <1, ‘/\2| < 1. 24)
Thus, when the convergence condition is satisfied, the
particle will converge to the nominal best and stay there.
From the equation (22),
AM+A=K-¢6+4+1, 25)
AMAg = K, (26)
therefore, the stable regionis K’ < land -3 < K — ¢ < 1.

VI. SIMULATION RESULT

Trajectory planning for a single vehicle and a UGV group
has been performed using PSO algorithm with MATLAB. We
will show 4 cases in this section.

Case 1: Trajectory planning for a single vehicle with two
moving obstacles without detection range limit.

Figure 3. Collision free path for a single vehicle without range limited.

In this case, no detection range is imposed on the vehicle,
i.e., the vehicle knows all information about the obstacles in the
whole space. The size of the vehicle, the obstacles, and the
bumper range are defined as r,. = 0.4, rop; = 0.4 and e = 0.2,
Velocities of the obstacles and vehicle are chosen as
Tyt = [—1, 1]’ Vo2 = [-1,1] , and v, < 2maz{vey}  Initial
positions of obstacles are chosen as z.5 = [20,0] ,
Topy = [28,0]. The vehicle will start from the position [0, 0],
and the desired destination is located at 2 gegireq = [20, 20].
Given At = 1, the working space unit is calculated as | = V2
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from (6) ; In updating law, parameters are chosen as w = (.75,
c1=cy=2, K=1. They satisfy the condition in the
equations (3, 25, 26).

The simulation result is shown in Fig. 3. The black circles
denote the virtual sizes of the obstacles and the green plus signs
are the center of the imposed obstacle in each period. The red,
green, cyan and blue circles denote the potential collision
positions. The red dash line is the trajectory of the vehicle and
the blue diamonds represent positions of the vehicle at each
updating time point. PSO generated a collision free path for
the vehicle with path length L; = 35.60.

Case 2: Trajectory planning for a single vehicle with two
obstacles and detection range limit.

In this case, we compare the effects of detection range on
the trajectory planning. Initial conditions are same as those in
case 1. The vehicle will find its optimal trajectory without
considering the obstacle avoidance constraint until the obstacle
goes into the detection region.

Figure 4. Collision free path for a single vehicle with range limited (range=3).

With the detection region set as 3, the vehicle changes its
direction at the 8¢k step as shown in Fig. 4. In this step, the
vehicle detects the obstacle and is guided by the PSO algorithm
with collision free constraint. The length of the path is
Ly = 35.74.

With the detection range set as 7, the vehicle detects the
obstacle and the PSO algorithm starts to work at the 5™ step.
The length of the path is L3 = 35.63. If the detection range is
increased, the vehicle can get more information of the obstacle
in the working space and detect the obstacle earlier. The
abundant information of the obstacles leads to a shorter path in
Fig. 5 than the path in Fig. 4, and the best path is demonstrated
in Fig. 3.

Case 3: Trajectory planning for a UGV group with two
moving obstacles.

Initial conditions in this case are similar as those in case 1
except that the initial positions of followers are « . sy = [0, —1],
@ fright = [—1,0]. The desired positions of followers are
Tdesiredfleft = [20, 19]: Tdesiredfright = [197 20]a and the size

Figure 7. Collision free path of a UGV group with V-formation flexibility.

of the group is chosen as rgroup = 1.2. If there is no
formation flexibility, the leader and followers can be
considered as a bigger vehicle, the radius of the imposed
obstacle is 7Group + Tobi + €. The trajectory is shown in Fig. 6,
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where the green squares are the followers of the UGV group. If
there is some formation flexibility, the V-formation of the
group was adjusted while avoiding the obstacles as shown in
Fig. 7. The right follower moves closer to the leader, which
generates a shorter path than the path demonstrated in Fig. 6.

Case 4: Trajectory planning for a UGV group with two
moving obstacles constraints in the same period of time.
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Figure 8. Collision free path for a UGV group without changing V-formation.
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Figure 9. Collision free path for a UGV group without changing V-formation.

The initial positions of obstacles are set as z,,3 = [20, 0],
Tobs = [10,24]. The velocities of obstacles are chosen as
T3 = [=1,1], Tops = [0, —1]. In this case, we demonstrated the
trajectories for the UGV group without formation flexibility in
Fig. 8 and with formation flexibility in Fig. 9. In Fig. 8, the
UGV group is considered as a bigger vehicle and the UGV
group cannot go through the space between two obstacles at the
red point, therefore, following a longer path to the desired point.
The UGV group can adjust the V-formation to avoid the
obstacle, pass the space between two obstacles and follow a
shorter trajectory as shown in Fig. 9. Comparison of the
simulation results illustrates the effectiveness of the proposed
PSO algorithm.

VII. CONCLUSION

In this paper, path panning for the UGV group is
formulated as an optimal problem with constraints on obstacle
avoidance and V-Shape formation. PSO algorithm was applied
to solve the optimal problem due to its fast convergence. We
have illustrated that single vehicle can find optimal path by the
PSO algorithm with obstacle avoidance constraint. We also
extended the application of PSO algorithm for a UGV group
with obstacle avoidance and V-formation constraints to find the
collision free trajectory in a dynamical environment.
Convergence of the PSO algorithm was analyzed to determine
the proper region of the parameters. The simulations
demonstrated that the PSO algorithm shortens the path
effectively while keeping the V-formation with constraints.

ACKNOWLEDGE

The authors acknowledge grant support from NSF 0649172
and AT&T foundation (to YJ).

REFERENCES

[1] Hattori, Y., E. Ono, and S. Hosoe, “Optimum Vehicle Trajectory Control
for Obstacle Avoidance Problem. Mechatronics,” IEEE/ASME
Transactions on, 2006, 11(5): pp. 507-12.

[2] Borenstein, J. and Y. Koren, “Obstacle avoidance with ultrasonic
sensors”. Vehicleics and Automation, IEEE Journal of, 1988, 4(2): pp.
213-18.

[3] Goldman, J.A. “Path planning problems and solutions,” in Aerospace
and Electronics Conference, 1994. NAECON 1994., Proceedings of the
IEEE 1994 National. 1994.

[4] Lee, S. and G. Kardaras. “Collision-free path planning with neural
networks,” in Vehicleics and Automation, 1997. Proceedings., 1997
IEEE International Conference on 1997.

[5] Fraichard, T. “Dynamic trajectory planning with dynamic constraints: A
“state-time space’ approach,” in Intelligent Vehicles and Systems 1993,
IROS '93. Proceedings of the 1993 IEEE/RSJ International Conference
on. 1993.

[6] Jia, W., W. Xiao-Bei, and X. Zhi-Liang. “Decentralized Formation
Control and Obstacles Avoidance Based on Potential Field Method,” in
Machine Learning and Cybernetics, 2006 International Conference on
2006.

[7]1 Sisto, M. and G. Dongbing. “A Fuzzy Leader-Follower Approach to
Formation Control of Multiple Mobile Vehicles,” in Intelligent Vehicles
and Systems, 2006 IEEE/RSJ International Conference on 2006.

[8] Yanjun, Y. and L.A. Osadciw. “Varying dimensional particle swarm
optimization,” in Swarm Intelligence Symposium, 2008 IEEE. 2008.

[91 Li, W., L. Yushu, D. Hongbin, and X. Yuanqing. Obstacle-avoidance
Path Planning for Soccer Vehicles Using Particle Swarm Optimization.
in Vehicleics and Biomimetics, ROBIO 2006. IEEE International
Conference on 2006.

[10] Kadirkamanathan, V., K. Selvarajah, and P.J. Fleming, “Stability
analysis of the particle dynamics in particle swarm optimizer,”
Evolutionary Computation, IEEE Transactions on, 2006, 10(3): pp. 245-
55.

[11] Tae-Hyoung, K., I. Maruta, and T. Sugie. “Particle swarm optimization
based robust PID controller tuning scheme,” in Decision and Control,
2007 46th IEEE Conference on 2007.

[12] Clerc, M. and J. Kennedy, “The particle swarm - explosion, stability, and

convergence in a multidimensional complex space,” Evolutionary
Computation, IEEE Transactions on, 2002, 6(1): pp. 58-73.

4456




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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


