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Abstract— With a model-based prediction control approach
to generate optimal trajectory and avoid collision in many
situations that cannot perform emergency braking, this paper
proposes a solution to optimal path planning and safety
assurance to avoid collision for autonomous vehicle by
identifying the possible motion trajectories of the vehicles
ahead when participating in traffic. The safety factor to avoid
collision is performed in each motion phase of the vehicle, with
the development of a nonlinear constraint between the brake
and the steering angle for the vehicle's contingency motion
planning. The efficiency of this solution is evaluated through
assumpted simulations with different scenarios, then there are
orientations toward applied research on the problem of
autonomous vehicles in reality.

Keywords—Autonomous vehicle, Model Preditive Control,
path planning, motion planning, intelligent transportation
systems.

I. INTRODUCTION

Many researches on autonomous vehicles problems have
been carried out in recent years based on basic components
such as localization system, environmental perception,
planning and controlling [3,13,17]. In these components, the
motion planning problem is an important function to
determine the motion process of the vehicle, which provides
the target destination of the vehicle by using information
obtained from the environment and localization system.
Therefore, the components in the planning consider not only
the elements of the vehicle but also the changes of the
environment through the perception data obtained in the
system to ensure the reliability and security when
participating in traffic.

The strong development in driving assistance systems has
significantly reduced the risk of rear-end collisions on the
road. However, in practice there are cases when the speed is
large, the remaining processing time is too short to perform
emergency braking for obstacle avoidance. With these
situations, in order for the motion planning to be safe,
changing the motion process by the contingency motion
plans is performed to avoid possible collisions. Challenges to
this problem might be: The presence of moving obstacles,
the combined effect between the internal dynamics and the
vehicle structure, the planning cycle and the response time
do not match.

To solve this problem, if a motion trajectory of the
autonomous vehicle is generated based on the possible
trajectories of other vehicles, safety is not guaranteed
because conflicts can happen when determining trajectory
planned according among different objects in traffic.
Therefore, the solution to building a contingency trajectory
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to meet safety in all traffic situations is the key idea of this
paper, the contingency trajectory created has to pay attention
to possible trajectories in other transportation means. Then,
at each stage, the solving process will maintain the
computational operations the possible actions of the vehicles
in traffic. In the case if the contingency trajectory is not
found feasible in an emergency situation, activation of the
emergency brake system is applied until a new feasible
trajectory is found.

Motion planning solution can be applied to a variety of
approaches such as discrete-time planning with a grid-based
approach [14], basic motion method [4], RRT trees [10,11]
and PRM method [[18]; Or planning in continuous space
with optimal control method, controlling predictive model
[9,16] or elastic bands [15].

To ensure safety and facilitate for motion planning in
complex environmental conditions is a major problem due to
the uncertainty of many possible trajectories generated by
other vehicles. However, some studies have aimed at the
safety of motion plans by computing and setting up
emergency manoeuvre, and some prior conditions such as
communication between vehicles and determined future
trajectories [7] during the process of building trajectory for
the motion planning.

In this paper, we propose a solution for the establishment
of a contingency plan for the safety of the autonomous
vehicle by building an optimal path based on the assessment
of the mobility of other vehicles in a certain period of time,
then with each motion trajectory will compute the adaptation
emergency operations.

The next section will introduce the basic principles for
building motion plans and related algorithms, thereby motion
planning solution is proposed with model-based predictive
control approach. The experimental section is followed and
in the conclusion section the future research directions for
the autonomous vehicle are suggested.

II.  BUILDING MOTION PLANING SOLUTION FOR
AUTONOMOUS VEHICLES

In the structured road, the path system is defined by
adjacent lanes of arbitrary shape and curvature. In this
article, to be convenient for performing, we assume and
consider the i (lane;) is a path defined by the left boundary
(Bri) and the right boundary (lane;). Each such path is
defined as a polyline and is a combination of all lanes at a
given time interval (lane(s) = Ujlane;). At the same time,
we know the joint between the adjacent lanes.



Figure 1. Road system model

In the overall coordinate system, each vehicle and other
objects are represented by its position (Sy,S, ) in the
boundary of the lane, the direction 8,., the distance symbol to
the vehicle d,- and the reference arc length s, represents the
state of the system, K,.(S,) is the curvature parameter of the
reference curve (Fig. 2).

Figure 2. Vehicle and reference curve model

11.1 Building predictive models

The nature of the Model Predictive Control (MPC) is to
use the object model to predict the output of the object at
future times (also known as output signal predictive domain)
and to compute the control signal sequencing based on the
minimum objective function, and also uses the long-range
strategy, i.e. at each time only the first control signal in the
series is put into use, limiting prediction move to the future
after each computation.

However, the proposed algorithms for the predictive
model [12] will not directly introduce trajectories into the
vehicle's motion system, which is a necessary advantage
when using the predictive model. This has facilitated the
optimization of the predictive model as a long-term cycle for
the selection of options to ensure that there is no danger to
the stability of the whole system. In addition, the predictive
model can be designed to combine with the relevant binding
properties of the vehicle to facilitate the optimization of the
fast process. With such an idea, we use the following
predictive model as the basis for the research issue (Fig. 2).

The first part of the predictive model is proposed as
follows:
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Where: the notation x represents the first derivative of x;
Sy, Sy and v are the reference position of the vehicle and the
corresponding velocity; 6 indicates the movement direction
of the vehicle; 6 is the steering angle of the wheel; velocity
and time derivative of the vehicle velocity act as inputs u,
and u, of the system.

Equation (3) is a linear model performing stable state [5],
whose only parameter is the characteristic velocity v, is
computated as:
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Where: m is the mass of the vehicle; ¢, and ¢ are the
anti-rotation of the rear and front wheels (this hardness is
usually measured at the wheel slip angle by 0); [, and I are
the distances between the rear axle and the front axle with
the center of gravity (I = [, + I¢: the length of the vehicle).

This model has the following advantages: There is no
singularity at v=0 and it allows the brake to stop
completely, and the dynamic system is not rigid, so the
simulation time step of the decoder has quite large size, so
the optimal speed of the model increases.

The value of the reference curve defined here is the
boundary of the lane
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Since the trajectory of a vehicle can deviate from the
standard road during the process of avoiding obstacle, this
model cannot be transformed into linear activity. For
arbitrary shaped reference curves, this transitional simulation
method is more effective than performing geometric
projections.

In order to compute the drawbacks of the traction wheel,
the driving system of the vehicle as well as the regulating
direction when overcoming obstacle, some constraints need
to be set when building the trajectory. The constraints set on
state and input must meet the following conditions:

v € [0, Vmax) (10)
Uy € [Amin, Amax] (11)
Uy € [Smins Omax] (12)
8 € [8mins Gmax] (13)
dr € [drmin drmaz] (14)
(Sy,Sy) € lanes (15)

Where: (10) and (11) are the physical constraints on the
values of velocity and acceleration; (12) and (13) are
constraints on the power steering integrated system, these
constraints support the generation a more variable motion
trajectory of vehicle; (14) and (15) are constraints on lane
limits, which is intended to help the vehicle out of the lane
boundary; Parameters for maximum velocity v,q ,
acceleration a,;, and a, .y, steering angle 8,,;, and 8,,,,, are
predetermined.

In order to control the transom (also known as the
transverse), the total friction between the tires and the road
surface must not exceed a maximum value, which results the
overall force of the vehicle also restricted similarly. Thus, in
order to accommodate the vector acceleration the vehicle

vector [an, a,]” = [v, uz]Tmust be in the center ellipse
defined by half of the ¢,, and c; axis (Fig. 3), hence:

[ + 2] <1 (16)



Figure 3. The elliptical contact created by the combination of horizontal and
vertical traction

For handling the cases with obstacles, although the cost
computation for adjacent regions to ensure convergence is
not simple, this problem still brings more advantages than
strict constraints to prevent collisions, in which the distance
to other objects can be used as slack variables. However,
instead of solving the optimal convergence problem on the
left or right side of the obstacle, in this case it is necessary to
introduce the constraints and regulations that are the
constraints in front of the vehicle. Therefore, it is necessary
to introduce additional variables &,,(r),m € 1...M used to
denote the vector from the center of the obstacles to the
location of the vehicle. Also, the predictive time r € Th,,
needs dertemining.

an

dminm = arggnin dpy (1)

At this point, the distance from the obstacle m to the
vehicle of the smallest value d,,,(r) with n(r) is the normal

vector to the motion trajectory [Sx ),S, (r)]T.

Thus, developing the formula for overcoming an obstacle
using the dot product is as follows: The left (or right)
obstacle movement depends on the value of t; . if

&l (r) > 0 will override left or £F (r) < 0 will override
right. The construction of these constraints will provide
effective and accurate obstacle avoidance operations, even if
the vehicle must be stopped by obstacles ahead.

To avoid the convergence cases to related gradients near
the center of the obstacle, it is necessary to change some
values of &,m,, if override left, y,,, = =1 and y,,, =1 for
override right. From this it is possible to construct the
convergence function as follows:

(18)
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11.2 Cost function

In order to achieve optimal trajectory, it is necessary to
treat the cost function with a minimum value and at the same
time the constraints need to be separated. For handling
emergency situations of autonomous vehicles, the idea is to
reduce the vehicle's speed of movement to a minimum. In
addition, the warning situation for performing emergency
operations should be triggered before the vehicle is too close
to the obstacle; if the vehicle is too close, the ability of
computation is wrong about perception coefficient and the
prediction will not certain, at the same time, if the small
deviation in both position and direction from the reference
curve will reduce the possibility of collision with the vehicle
ahead, helping the autonomous system controls the motion
trajectory.

In order to reduce the speed as fast as possible, the
vehicle accelerator vector must be in the ellipse of the
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combined traction (Fig. 3) as [C—] + L—] <1 butifitis
t n

ag 2 an 2 .
exact on the boundary, [C—] + [C—] =1 at all times of
t n

motion and the effective matching of algebraic constraints to
ensure the optimum is to assign the value a;, = v = u, also
substitutes the value u, in (5), from which the value v is
defined as follows:

(19)

Therefore, we do not need to calculate to reduce the
velocity v in the cost function nor to see u, as the value of
the separate variance function in the optimization process.
Thus, the cost function J will be formulated by combining
two components: the cost of motion and the cost associated
with the obstacle as follows:

](x, ul) = ]mov(x: ul) +]objs(x)

Motion costs are calculated as follows:

(20)
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In which: k; > 0, the proximate relative lateral velocity
A,= d,, acceleration Ay~ d, and jerk A;~ d,.

Since these equations perform multiplication by the
velocity v it governs the trajectory cost at high speed and
manages the velocity variation. However, when the speed
returns to a low value just before the vehicle stops, these
values decrease. Thus, equations (25) and (26) are
constructed in which the value u? of the integral (21) is
combined to make the vehicle perform a smooth stop
operation.

The costs of the vicinity of the obstacles are not included
in (20), because if they are taken into account, it will lead to
undesirable effects. For example, the quicker the
autonomous vehicle avoids obstacles, the smaller the time
integration costs will be. Therefore, instead of considering
the cost of the vicinity, the minimum distance d,i, ., =
mind,, to the perimeter of the vehicle (Fig. 4) shall be
considered for each m object, which results in the total
weight as follows:

]objs x) = 2%:1 kobjs,m Cm (dmin,m ) (27)
Here the cost function is calculated
. 2
Cn() = [min([(.) = dinsim], 0)] (28)

The affected regions dj,q ., (Fig. 4) are chosen for the
following reasons: first, it is independent from linear
increasing cost and the value dinq r, has the cost of stacking
between the obstacles; second, the volume of calculation is
less; third, the cost is finite even dippy, can still be less than
0 and this has reduced a few collisions that can occur with
vehicles resulting from poor convergence. Finally,



weaknesses or deficiencies of the system, as well as
inaccurate prediction fault of an obstacle that may at least be
at a certain level calculated by the weight Kypjsm > 0 and

the remaining parameter is dipq m

0

Figure 4. Distribution of costs in the vicinity of obstacles

11.3 Solution for contingency motion planning

The main idea to build a contingency motion planning
consists of three stages:

Stage 1: Calculating the possibility of operating of
surrounding objects to build the initial trajectory.
Surrounding objects are objects ahead in the same lane or
adjacent lane of the vehicle (in this study, we exclude the
case of vehicles operating in the opposite direction and
obstacles behind the vehicle). The initial motion trajectory of
the vehicle is generated over a certain period of time Ty and
no collision occurs under the assumed operations of other
vehicles.

Stage 2: In order to ensure safety when moving in the
initial motion trajectory, all possible trajectories of the
vehicles ahead must be considered [6]. The consideration and
calculation of the trajectories of the vehicles ahead are
performed by computing the ability to use the lane [6] with a
certain period of time T}, of the vehicles to be considered
(Fig. 5), we will see the calculation and building the optimal
trajectory pl for a given time period [t,t + t'] and then
trajectory p2 is set to operate without collision. Finally, the
motion trajectory of the vehicle is a combination of two
trajectories p/ and p2 according to time Tp,, and this
trajectory does not intersect with the space set by the
trajectories of the vehicles ahead at any time during the
period of time Tj,. Therefore, for a certain period of time
with any trajectories of vehicles ahead, the operating system
of the autonomous vehicle can perform an emergency
operation to stop the vehicle safely and the solving system
turns to stage 3.
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Figure 5. The vehicle's motion planning based on the operating
trajectories of the vehicle ahead

Stage 3: Implementing the evaluation the standards to
assure its safety (distance to the vehicle ahead, the space
generated by set of trajectories of the vehicle ahead), then the
solving system will provide assessment if contingency
trajectory should be performed or not for safety or continue
to operate in the initial optimal trajectory (Fig. 6). In the case
at point [t;,4,t'], if there exists an operation to connect the
p3 initial optimal trajectory with the p4 emergency trajectory
without intersecting with the vehicle ahead's occupied space,
the p3 optimal trajectory p3 is chosen; otherwise, if there is
no other collision-free trajectory, the p2 contingency

trajectory is calculated earlier will be connected to the initial
trajectory.
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Figure 6. Evaluating safety conditions to perform the motion process

11.3.1 Building optimal trajectory

In order to generate optimal trajectory when establishing
motion for autonomous vehicle, it is necessary to take into
account operating capability of the vehicles ahead according
to their motion trajectories. Many studies have been
conducted on possible trajectories computing techniques of
vehicles ahead, as in study [1] to calculate the trajectory of
the vehicle ahead, by assuming constant yaw rate and
acceleration (CYRA) is used or in study [2] by using a
maneuver recognition module (MRM) to determine the
motion trajectories of the vehicles ahead. Both methods have
their own advantages, for MRM, the predictive results are
more accurate than CYRA and vice versa CYRA give results
with a longer time prediction [2]. In this study, we perform
generating (an) optimal trajectory based on the idea of
MRM, generating possible trajectories prediction of the
vehicle ahead based on target lane detection, i.e. the lane in
which the vehicles ahead are moving, and at the same time
basic moves such as lane-keeping, lane-change or left/right
turns manoeuvres are also considered for predictive
situations.

To calculate the most likely trajectory, comparing the
current path and the center position of the lane should be
performed to provide the most likely trajectory prediction for
at each time point ¢; in period of time Ty,. In addition, at
each time t; a polygon region generated by the trajectories
representing each vehicle ahead will be calculated and these
predictions are used as constraints in generating motion
trajectories for autonomous vehicles.

In the interval Ty, after the possible trajectories of the
vehicles ahead are determined, the selection for generating
the optimal trajectory will be performed and this trajectory
generated with the main aim is to avoid collisions through
reducing vehicle’s speed and avoiding vehicle shake, jerk in
order to create a smooth trajectory. Therefore, the cost
function (20) is changed to control the deviation from the
reference trajectory (the central location of each lane) and to
avoid the predictions of the vehicle(s) ahead.
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Figure 7. Constrains to avoid obstacles

Thus, each vehicle ahead OBJS; i € {1...n} will have a
space region prediction representing at each time i and
constraints related to the distance between the generated
trajectory and the predicted objects have to be considered to
avoid collisions with vehicles ahead. The minimum distance
d;between the rectangle r; surrounding the vehicle and the
predictive area of the vehicle(s) ahead OB]JS; is calculated at
time 1 (Fig. 7) as follows:



d; = mindistance (r;, OBJS;) (29)
L
and the minimum distance d; will be compared with a
parameter A to determine if there is a collision with the
vehicle OBJS; or not, the minimum value of the cost function
will minimize the variation of the speed and steering mode as
follows:
]1 = ftt+Th1[
Where: satisfies the conditions (1) - (5), (10) - (15) and
0, is the direction of the reference trajectory; dr is the
distance to the reference trajectory; ¥iV,,V3 V4, Vs are
weighted parameters.

Yiui +v2ui + v3(0 — 6,)% +y46% + ysd?] dr (30)

Here the reference trajectory is defined as the center of
the current lane, in the case if no viable trajectory is found
when using the center of the current lane as a reference, then
the center of the adjacent lane as the reference trajectory
(Fig. 8). A new trajectory is generated corresponding to a
lane change adjustment and consideration of the constraints
associated with the distance between the generated trajectory
and the predicted trajectories of the other participating
vehicles calculated by the formula (29) will help the
autonomous vehicle avoid collisions with the surrounding
vehicles.
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Figure 8. Generating optimal trajectory

11.3.2 Building an emergency trajectory

In the process of participate in traffic, the vehicles ahead
can perform many unpredictable and incomputable
operations when building the optimal trajectory for
autonomous vehicles. However, not all the vehicle ahead’s
operations can result in a collision, so for a period of time
Ty, the autonomous vehicle must maintain an emergency
operation aming at solving all possible actions of the
vehicle(s) ahead.

Based on the idea of the method implemented in [6], it is
to define a region that surrounds all possible trajectories of
the vehicle ahead for a given time period Ty, to build an
abstract model with satisfied physical constraints. The
constraints are assumed to predict the ability of the area
occupied by the vehicle ahead to drive back and out from the
forbidden road, the maximum absolute acceleration will be
limited by the value a,,,,, vertical acceleration is zero when
velocity reaches a value of v,,, and this value is inversely
proportional to velocity when velocity is greater than a
certain v; parameter.

If one of the constraints is not satisfied, the
corresponding abstract model of the vehicle will not be
considered when building the occupied area of the vehicle
ahead. The approach to this abstract model has the
advantages of ensuring that all possible trajectories of the
vehicle ahead are in the vicinity generated by the set of
trajectories. Therefore, the computation to build optimal
trajectory and to avoid collisions that will fit and reach real-
time computational efficiency.

Similar to the optimal trajectory building, the non-
collision emergency contingency trajectory building is
performed after being calculated to predict the trajectory of

the vehicle ahead. The difference in emergency contingency
building is that the emergency operation is accomplished by
reducing the vehicle speed to the possible point and avoiding
all possible trajectories of the vehicle ahead by occupied area
as presented.

Thus, the cost function is built to produce the optimal
trajectory described in (30) with the difference that velocity
v decreases to a minimum over time Ty :

]2 — ftt+Th1[
Where: satisfies the conditions (1) - (5), (10) - (14),
(Sy,Sy) € lanes\OBJS; and 0, are the direction of the
reference trajectory; dr is the distance to the reference
trajectory; ¥1 ¥2, V3, Y4, Vs are weighted parameters.

Yiui +v2ui + y3(0 — 6,)% + y46% + ysv?]dr (31)

III. EXPERIMENTAL RESULTS

To test and evaluate the solution presented, we conduct
empirical simulations of processes in the Matlap
environment. In which the calculations (using the SI system)
with the sampling interval of 0.1s and the optimal limit
Thor = 3.0s, the chosen weights are [kv; k; k]-;ke;kk] =
[103;10%;10%;10%;101], the value of the affected area
dinfi,m = 1.0m is calculated by the system number kypge =
105. During the simulation, vehicles with trajectory recorded
will be considered as vehicles ahead and the autonomous
vehicle will be located behind these vehicles.

Parameters used to generate contingency trajectories are
T, =0.8s; Ty, =65 ; Ty =25 ;€= 2.5m;v=][050lm/s
;a=[-10,10lm/s?; 0 = [—g,g]rad ; 6§ =[—0.5,0.5]rad
; w=15m ; 1=50m ; vg, = 50m/s and the model is
predicted with vy, = 60m/s; dp.x = —dpmin = 0.5rad/s;
dpax = 2.0m; dpin = —2.0m; ¢, = ¢, = 10.0m/s? . The
trajectories move to the I/O controller with a simulation time
cycle of 0.01s.

In order to ensure objectivity and reliability of the
evaluation, we conducted simulations with three different
scenarios in which the first simulation scenario found motion
planning without considering operations to generate
contingency trajectories The others apply this operation with
different parameters for a comparative assessment.

Scenario 1. When motion planning for autonomous
vehicle, only the predicted trajectories of the vehicles ahead
are calculated and the traffic scenarios are constructed as
follows: To start, the autonomous vehicle and other vehicles
are located in a lane with the distance from the autonomous
vehicle to the vehicles ahead is 40m, the initial velocity of
the vehicle ahead is 15m/s and the autonomous is 20m/s. At
the point of 5s (T10) the vehicle ahead drives to the left lane,
because there is no operation generating emergency
contingency trajectory situations, this scenario will occur
accident. (Fig. 9).
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Figure 9. Simulation results of scenario 1

Scenario 2. Also with the same scenario as scenario 1, in
this scenario, the motion plan of the autonomous vehicle is
supplemented with actions to create contingency trajectory
and predict motion ability of the vehicles ahead at every step
of the time. Therefore, all the motions of the vehicles ahead



are considered and a contingency trajectory will be triggered
in the event of an emergency, also at the point 5s (T10) a
vehicle ahead moving off the lane and driving to the left in
front of the autonomous vehicle. This unusual lane-change
behavior has resulted in the vehicle having to trigger a state
of emergency and launch a backup trajectory to avoid
collisions (Fig. 10).

TIO TH T2 1y p s TS T 1y

1o TH

b o T T oy =RN=NLy Ty g =N =Ry U9 T
R e e =y B T 0 Lol
R R R T o T iy i s e T Tie T T

Figure 10. Simulation results of scenario 2

Scenario 3. In this scenario, two vehicles joining the
traffic in front of the autonomous vehicle will be considered,
the initial distances between the autonomous vehicle and the
vehicles ahead are 40m and 70m, respectively, the initial
velocity of the vehicles are 15m/s and 20m/s. Figure 11
shows the movement status of the vehicles ahead at each
time step along with the trajectory generated by the
autonomous vehicle. The simulation scenario is as follows: at
time T the vehicle ahead OTO1 performs lane-change to the
left where the autonomous vehicles are moving, similar to
scenario 2, the autonomous vehicle launch emergency
situation and activate the motion contingency trajectory in
motion planning to avoid collision with the OTOI. Next, at
time T20, the vehicle ahead OTO2 begins to change lane, but
the lane-change situation of OTO2 is not a dangerous
situation, so the autonomous vehicle does not start the
emergency situation and use the contingency trajectory. At
this time and the following periods, the autonomous vehicle
continues to move in its trajectory. Thus, the simulation will
not occur collision.

Wt T om e

Figure 11. Simulation results of scenario 3

Since autonomous vehicles can move a significant
distance in a short period of time (a fraction of a second), the
time taken to perform calculations and suggested optimal
solution cannot be ignored. Therefore, in the implementation
process, the expected delay time according to prediction as in
[8] and the stability of the predictive model should be
applied, this nonlinear optimization problem can be realized
sequentially [8] by the conventional Runge-Kutta method
(RK2) with a step size of 0.02s.

IV. CONCLUSION

This paper proposes a contingency motion planning
solution to ensure the safety for autonomous vehicle, the
optimal feature of this solution is to achieve by considering
the possible trajectories of the vehicles ahead. The safety
factor of this solution is performed by keeping a system to
calculate any possible trajectories of the vehicles ahead in a
certain period of time. At the same time, the model used for
predictive control will be bound by factors such as
acceleration, vehicle braking force and the combined force of
the wheel, as well as additional constraints such as lane
width and desired travel direction.

The key idea of this technical solution will support the
design of autonomous vehicles with a safe stop, no matter
what the controlling of the current vehicle is. The empirical
simulation with the given scenarios reveals that the safety

factor can be achieved by calculating to examine all possible
possibilities of the vehicles ahead. In the future, in order to
increase the reliability of this solution, the settings being
experimentally simulated will be transferred to the real
environment with experimental vehicle fully equipped with
sensors, at the same time add some factors to analyze the
stability of the coupling system so that traffic behavior is
more accurately predicted.

REFERENCES

[1] A. Barth and U. Franke, “Where will the oncoming vehicle be the next
second?” in Proc. of IEEE Intelligent Vehicles Symposium, pp. 1068 —
1073, 2008.

[2] A. Houenou, P. Bonnifait, V. Cherfaoui, and W. Yao, “Vehicle
trajectory prediction based on motion model and maneuver
recognition.” in Proc. of the IEEE Conference on Intelligent Robots
and Systems, pp. 4363 — 4369, 2013.

[3] Bevan, Gollee and O’Reilly, Trajectory generation for road vehicle
obstacle avoidance using convex optimization, Proc IMechE Part D: J
Automobile Engineering, pp.455-473,2010.

[4] E. Frazzoli, “Robust hybrid control for autonomous vehicle motion
planning.” Ph.D. dissertation, Massachusetts Institute of Technology,
2001.

[5] R.W. Allen, T.J. Rosenthal, and H.T. Szostak. Steady state and transient
analysis of ground vehicle handling. Technical Report SAE No.
870495, Society of Automotive Engineers, 1987.

[6] M. Althoff, D. HeB, and F. Gambert, “Road occupancy prediction of
traffic participants.” in Proc. of IEEE Conference on Intelligent
Transportation Systems, pp. 99-105, 2013.

[7] M. Althoff and J. M. Dolan, “Online verification of automated road
vehicles using reachability analysis,” IEEE Trans. on Robotics, vol. 30,
no. 4, pp. 903 — 918, 2014.

[8] M. Diehl, H. J. Ferreau, and N. Haverbeke. Efficient numerical methods
for nonlinear mpc and moving horizon estimation. In Lalo Magni,
Davide Martino Raimondo, and Frank Allgower, editors, "Nonlinear
model predictive control, pages 391-417. Springer, Berlin, 2009.

[9] M. Werling, S. Kammel, J. Ziegler, and L. Gr"oll, “Optimal trajectories
for time-critical street scenarios using discretized terminal manifolds.”
The International Journal of Robotics Research, vol. 31, no. 3, pp.
346-359, 2012.

[10] Y. Kuwata, J. Teo, G. Fiore, and S. Karaman, “Real-time motion
planning with applications to autonomous urban driving.” [EEE
Transactions on Control Systems Techology, vol. 17, no. 5, pp. 1105 —
1118, 2009.

[11] J. Bruce and M. Veloso, “Real-time randomized path planning for
robot navigation.” in Proc. of the IEEE Conference on Intelligent
Robots and Systems, vol. 3, pp. 2383 — 2388, 2002.

[12] J.B. Rawlings. Tutorial overview of model predictive control. Control
Systems, IEEE, 20(3):38-52, 2000.

[13] Jo K, Kim J, Kim D et al, Development of autonomous car — Part I:
distributed system architecture and development process, /[EEE Trans
Ind Electron, pp.7131-7140, 2014.

[14] T. Sattel and T. Brandt, “Ground vehicle guidance along collision free
trajectories using elastic bands.” in Proc. of the IEEE American
Control Conference, pp. 4991 — 4996, 2005.

[15] S. Quinlan and O. Khatib, “Elastic bands: Connecting path planning
and control.” in Proc. of the IEEE Conference on Robotics and
Automation, vol. 2, pp. 802 — 807, 1993.

[16] S. J. Anderson, S. C. Peters, T. E. Pilutti, and K. lagnemma, “An
optimal-control-based framework for trajectory planning, threat
assessment, and semi-autonomous control of passenger vehicles in
hazard avoidance scenarios.” Transactions on International Journal of
Vehicle Autonomous Systems, vol. 8, no. 2/3/4, pp. 190 — 216, 2010.

[17]. Zhang D, Li K and Wang J, Radar-based target identification and
tracking on a curved road, Proc IMechE Part D: J Automobile
Engineering, pp.39—47, 2012.

[18] Z. Sun, D. Hsu, T. Jiang, H. Kurniawati, and J. H. Reif, “Narrow
passage sampling for probabilistic roadmap planning.” [EEE
Transactions on Robotics, vol. 21, no. 6, pp. 1105 — 1115, 2005.







<<
  /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 1.7
  /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 true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 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 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 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 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


