
  

  

Abstract— This paper suggests an integrated navigation 
control system for time critical missions. The navigation 
control is derived from a harmonic potential field. It is 
designed to enable a mobile agent to proceed to a target point 
in an unknown environment without the need for a dedicated 
exploration and map-building stage. The agent, en route to the 
target, collects and processes only the necessary and sufficient 
sensory data needed to successfully execute the mission. 
Sensing, processing and all related activities needed to generate 
mobility are carried-out in real-time at the servo-level. The 
structure of the navigation control is described in details. 
Experimental results are provided as a proof of principle.   

I. INTRODUCTION 

The interest in first responder robotics is continuing to grow. 
The aim is to provide a human operator with situational 
awareness in a timely manner. This mode of operation 
imposes strict & challenging requirements on a robot. In a 
first responder situation, a mobile robot should be able to 
move to a designated area in an unstructured and unknown 
environment.  This should be accomplished under zero a 
priori knowledge without engaging in time-consuming 
activities reserved to exploration and mapping only.  The 
robot is expected to dedicate all its effort to reaching the 
assigned target zone using necessary and sufficient 
information its sensors pick-up while attempting to reach the 
target. Other requirements complicate the constructions of 
such robots. For example, a robot of this type must have an 
agile and robust behavior that is communication-aware. The 
robot is also expected to operate in a hazardous situation 
where the probability of damage, even loss, is high. 
Therefore, a first responder robot is expected to be 
affordable. The above requirements represent a challenge, to 
say the least, to existing paradigm for autonomous mobility 
generation.  
  

Mobility is a composite activity that emerges from the 
interaction of basis activity modules (Figure-1). One of 
these modules is concerned with the acquisition of 
environment data [1]. The data is processed and structured 
by a representation module [2,3] to create a map. A 
localization module [4] is then used to make the position of 
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the agent on the map corresponds to its true location in the 
environment. The guidance module provides the agent with 
the direction along which it has to proceed in order to reach 
the target [5,6].  The control module [7,8] converts the 
reference direction into  a control signal that is fed to the 
agents actuators.   Despite the intensive work on each 
module, many issues relating to how they function are still 
considered to be an open area of research.  There is a 
growing concern that a modularized view of mobility leads 
to an overly complicated system with shaky performance. 
The trend is growing to develop theoretical frameworks that 
jointly examine the construction of more than one of these 
modules. Examples of this are: simultaneous localization 
and mapping [9], direct guidance from sensory (observation) 
space [10,11], joint guidance and control [12]. To the best of 
these authors' knowledge, a theoretical framework that 
jointly tackles all the modules needed for providing an 
autonomous agent with mobility does not exist. Putting 
together a complete mobility system seems to be mainly 
dependant on the experience of the designer [13,14]. 

 
Fig. 1. Components of a mobility structure 

   

The authors strongly believe that modularization is not 
conducive to achieving an agent mobility that suits a first 
response situation. They provide in this paper a proof of 
principle that an integrated view of mobility can meet these 
requirements. The integration of the mobility elements is 
carried-out using harmonic potential fields (HPFs) [15,16].  
A harmonic potential can efficiently host the representation, 
guidance and control modules to cerate an integrated 
navigation action that is implementable at the servo-level. 
The navigation control can accept virtually unprocessed data 
even from difficult to use sensors such as ultrasonic sensors 
[17]. This data may be used to incrementally construct a 
representation of a safe space [18] for the agent to move 
through en-route to the target. The representation appears as 
a pattern imprinted on the gradient field of the HPF. This 
field is used to guide the robot. Guidance is computed by 
solving the Laplace boundary value problem, while what the 
control action attempt to do is to align the velocity of the 
robot with the gradient field. HPFs  have an interesting 
property that makes the amount of processing commensurate 
with the sensory update hence achieving an output-sensitive 
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navigation action. That is: if HPFs are disturbed by 
introducing local constraints, the effect of the newly 
introduced constrains is localized to the vicinity of the 
changes.  
 
This paper suggests components and workflow for 
constructing an HPF-based navigation control at the servo-
level. The navigation control is able to move the robot along 
an obstacle-free path in a fully unknown environment 
without engaging in an exploration and mapping stage. The 
controller is implemented and tested on the X80 robotics 
platform. It is restricted to using only the front ultrasonic 
sensor of the robot. Naïve dead-reckoning is used for 
localization where the pause of the robot is obtained by 
directly integrating its linear and angular speeds. All 
processing is one on-board a host computer. Sensory and 
control signals are exchanged in real-time with the X80 
using a wireless communication link.  

 

II. CONDITIONALLY-INFORMED NAVIGATION 

Projecting mobility through the sequence of activities: 
environment mapping, guidance generation and motion 
actuation is self-defeating as far as making mobility 
compatible with a first responder situation. A simple and 
powerful alternative is to generate a realizable plan to the 
target given the amount of information that is initially 
available. The agent neither seeks, nor engages in 
environment mapping activities. Instead, it proceeds to the 
target assuming that it knows everything. If an event that 
would prevent the agent from continuing to use the plan is 
encountered, the information about that event is used to 
locally adjust the plan so that the event is mitigated and the 
continuity of action is restored.  
 
The harmonic potential approach to planning does support 
the above modality of operation. The approach amasses 
many critical properties needed for successful integration in 
a first responder mobility system [21]. The approach is 
provably-correct, it can operate in a model-based or sensor-
based modes [22], it can process vague information [16], it 
can enforce, in a provably-correct manner, a variety of 
constraints on motion [15] and it yields analytic trajectories 
guaranteeing the construction of  a provably-correct control. 
A basic setting of the harmonic approach is:   
Solve                            Π∈≡∇ yx,0y)V(x,2  
Subject to:       Π∂∈== yx,1y)V(x,,0)y,V(x TT

     (1) 
Motion is safely guided to the target using the gradient 
dynamical system: 
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where Π  is the workspace of the robot and Π∂ is the 
boundary of Π . 
   

The HPF approach can localize the disturbance caused by 
introducing a new environment component. Let V be a 
harmonic function constructed from the set Π∂ .  Also, let 

Vp be a harmonic potential constructed from the set 
P∪Π∂ , where P is a newly introduced point obstacle. If B 

is a spherical region with center P and radius ε, then one can 
show that an ε maybe found such that 

                     B.yx,Vp-V ∉∀< δ                  (3) 

where δ is an arbitrarily small positive number. The 
following example illustrates this property. Figure-2 shows 
the guidance field from a harmonic potential and the same 
field perturbed by a localized, newly introduced obstacle. A 
deviation measure (Figure-3) between the two fields is 
computed and normalized to unity. As can be seen, the 
deviation between the two guidance fields quickly 
diminishes with motion away from the disturbance. This 
means that far from the disturbance one does not need to 
recomputed the guidance field.  
  

 
Fig. 2. a guidance field & its slightly perturbed counterpart.  

  

 
Fig. 3. deviation between the fields in Figure-5. 

 
Almost all navigation techniques represent environments 
using objective geometric maps (OE). This is a big source of 
problem facing the success of any navigation action. The 
sensor noise and localization errors alone are enough, on 
their own, to make the registered geometric map 
significantly deviate from the actual map of the 
environment. Moreover, geometry is not the event that 
inhibits mobility. Rather, it is safety. To know when a 
mobility plan needs adjustment, the agent must subjectively 
interpret the environment in terms of safety (Figure-4). 
Subjective safety representations (SE) are easily 
constructible. All what is required is:  if the agent is at a safe 
place in the environment, then its place on the safety map is 
marked safe. It ought to be noticed that sensing errors 
caused by spurious reflections do not endanger robot's 
safety. These errors will cause a safe location to be marked 
unsafe. The worst case sensing artifacts and localization 
error could lead to is partial loss of safe and usable space. 

 
Fig. 4. Objective (OE) and subjective (SE) environments of the robot 

 



  

An important property of harmonic field planners is that the 
guidance signal they provide can be converted in a 
provably-correct manner into a navigation control signal 
[23] for a generic class of mobile robots that is describable 
by the system equation:  
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where x and y are the center of the robot in the SE 
coordinates, θ is the orientation of the robot  ν and ω are the 
tangential and angular speeds of the robot respectively, U is 
the control signal vector.  
 

 
Fig. 5: Differential drive (A) & Car-like (B) robots 
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The above model accommodates a wide class of mobile 
robots including the two important types (Figure-5): the 
differential drive robot (5.a) and the car-like robot (5.b).  ωL 
and ωR are the right and left wheels’ speeds of the 
differential drive robot, W is its width and r is the wheels’ 
radius , ωh is the speed of the driving wheel of the car-like 
robot, φ is the steering angle and L is the distance between 
the center of the driving wheels axis and the steering wheel. 
It is shown in [23] that if the robot orientation is made to 
coincide with the guidance orientation at the starting point 
of motion, the kinematic trajectory will be identical to the 
dynamic trajectory.  
 

III. FROM GUIDANCE to NAVIGATION CONTROL 

Generating the navigation control signal is based on the 
work in [23]. The aim of the control signal is to synchronize 
the velocity of the robot with the guidance velocity from the 
negative gradient of the harmonic potential (Figure-6). The 
result is a provably-correct navigation control signal that can 
be made to inherit all the properties of the guidance signal.  
There are however two problems facing the direct use of  the 
method in [23] in navigating a real mobile robot. The first is 
related to hardware-friendliness. The second and most 
important has to do with dynamic sensor update. The 
structure in [23] is provably correct given a static guidance 
field. If  there is a need to adjust the field due a safety 
related event, the robot has to stop, re-compute the field, 
align its orientation with the new guidance vector at its 
current location then start actuating motion. Interrupting 
motion by frequent stops is highly undesired; continuity of 

motion should be preserved. Moreover, as shown below, 
stopping can be easily bypassed without sacrificing the 
provably correct nature of the guidance to control 
conversion process.  

 
Fig. 6. Controller aligns guidance signal with robot's velocity 
 
First the sine and cosine of the angle between (Figure-6) the 
velocity of the robot and the guidance vector  ( θ∆ ) along 
with the straight line distance to the target (dst)  
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A desired angular actuation signal ( cω ) must function to 
synchronize the actual robot speed with the desired guidance 
vector. The angular synchronizing signal (Figure-7) may be 
easily computed as:   
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where ωd  is the maximum desired angular speed the robot 
should assume. 
 
A desired tangential robot speed ( cν ) should be maximum 
when the robot is in phase with the guidance vector. This 
speed should gradually drop as the speed gets out of phase 
with guidance. cν should drop to zero when the robot’s 
speed and guidance are in an antipodal configuration which 
is created by the detection of an event that endangers the 
safety of the robot (Figure-7). The robot should slow-down 
when it approaches the target, totally dropping to zero when 
it is an Rc distance from the target. The speed may be 
constructed as follows:  
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where vd is the  maximum tangential speed the robot should 
assume. It ought to be mentioned that even a constant cν  
with a decelerating target approach profile will produce 
satisfactory results. After the desired angular and tangential 
speeds of the robot are obtained, the control signal may be 
easily generated as:  
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The overall structure for converting guidance to control is 
shown in Figure-8.  



  

        
Fig. 7: Desired tangential and angular velocities of the robot respectively 

 

 
Fig. 8. The suggested, hardware-friendly controller 

 
IV. THE INTEGRATED NAVIGATION STRUCTURE 

In this section the modules discussed above are integrated to 
yield the mobility structure. The structure is described using 
the flowchart in Figure-9. As mentioned before, the structure 
is self-contained where the only piece of information it 
needs from the external user is where the target is located. It 
provides the robot will full autonomous capabilities with no 
restrictive assumptions on the robot’s space. 
 
First, the structure needs to be initialized by specifying the 
subjective coordinates which data is recorded with respect 
to. The horizon of the safety map is a square domain (Γ) of 
width D. A Cartesian coordinate system (x,y) is assumed so 
that the origin is at the center of the domain. Initially, the 
robot is assumed to lie at the origin (x=0,y=0) of the SE 
coordinates with orientation along the x-axis (θ=0). The 
perimeter (D) of SE is supplied along with the target in SE 
which has to be the image of the target in OE. 
 
The guidance field is then globally computed given the 
initial information available. The wheels' speeds of the robot 
and the ultrasonic sensor measurements are recorded. If no 
obstacles are within the sensor range of the robot, the pre-
computed  guidance information is used. If an obstacle 
facing the robot is detected, it is mapped into the subjective 
environment of the robot. The guidance field is then locally 
recomputed around the added environment component and 
the modified guidance information is obtained. Using the 
robot's wheels’ speeds the pose of the robot in SE is 
updated. This information is combined with the guidance 
signal to compute the control signals. If the robot stops short 
of reaching its target, then the cause of the problem has to be 
the partial field computation stage.  Since motion did halt, 
computing the guidance field in real-time is no longer 
important.  Therefore, the full field computation stage is 
invoked to correct this problem. 

 
Fig. 9. The ultrasonic navigation control structure 

   
 

V. EXPERIMENTAL RESULTS 

An inexpensive platform (X80 differential drive UGV, 
Figure-10) is used to experimentally validate the structure. 
The servo navigation signal is sent to the robot via a 
wireless link that was not  designed for real-time operation. 
Only sensor-based experiments are reported. The obstacles 
of the environment are constructed from cable drums. The 
structure of cable drums creates considerable scattering of 
the ultrasonic signal.  

 
Fig. 10. The X80 differential drive mobile robot platform 

Advanced deadreckoning techniques [19], even precise 
optical deadreckoning [20], do exist. However, here, basic 
deadreckoning is used by directly computing the robot's 
pose from its wheels’ speeds:  
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The velocity control signals that are to be applied to the 
robot's wheels are computed from the desired angular and 
tangential velocities of the robot using the equation:  
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Only one ultrasonic sensor (the front sensor) of the robot is 
used to collect data about the environment.  The main lobe 
of the sensor is aligned along the principal axis of the robot.  
The sensor produces the continuous output S(t). Ideally, S(t) 
provides a measurement of the distance between the sensor 
and the closest obstacle that lies along the principal axis of 
the robot. The maximum range of the sensor is 2.55 meter. 
A maximum reading is an indicator that either no obstacle 
exist along the principal axis or the obstacle is out of sensor 
range. The subjective environment of the robot is recorded 
at a resolution ∆ using an NxN matrix DSE(i,j) (∆=D/N). If 
DSE(i,j) is marked by 1, the location indexed by i & j is 
considered unsafe. If it is marked by 0, the location is 
considered possibly safe. DSE is constructed as follows 
(S=2.55, i.e. no obstacles detected is treated as a special 
case): first the matrix is initialized  
  

    DSE(1,i)=DSE(N,i)=DSE(i,1)=DSE(i,N)=1  i=1,..N,  (12)
                           DSE(i,j)=0     i=2,..N-1, j=2,..N-1  
At a certain instant in time, given a robot's pose (x,y,θ), DSE 
is populated as follows:   
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              DSE(Io+m,Jo+n)=1    n=-Im,..Im,  m=Im,..Im 
                       N>Io+m>1,  N>Jo+n>1 
  

where  R is the distance from the center of the robot to 
where the sensor is located, Im is a nonnegative integer used 
as a safety margin surrounding the sensed obstacle, [X] is 
the rounding integer function of the real number X, 1>>δ>0 
and m,n are positive integers used to specify a safety zone 
around the point (Io,Jo). 
 
Using only the wheels speeds ( [ ] T

LR ωω=Ω ), the target 
location in SE ( [ ] T

TTT yxX = ) and readings from the 
sensor (S(t)), a control velocity signal ( [ ] T

LR ccc ωω=Ω ) 
is synthesized  

    S(t)),X,F(c TΩ=Ω  
such that    

TXXlim →
∞→t

  & t.OR(t) ∀≡∩ φ        (14) 

where XT is the target position, R(t) and O are the regions 
occupied by the robot and obstacles respectively in OE. 
 
The  ability of the navigation controller to move the X80 to 
a target point under zero initial information about the 
environment using only one front ultrasonic sensor was 
tested for many obstacles’ configurations.  Cable drums are 
used to construct an obstacle course, which the robot should 
pass through in order to reach the target. Figure-11 shows 
the environment along with snapshots of the robot on its 

way to the target. As can be seen, using only impoverished 
sensing and modest localization, the robot manages to reach 
the target from the first attempt.  

 
Fig-11: Environment & robot snapshots, barriers example 

 
Snapshots of the subjective environment superimposed on 
the guidance field taken at different time instants are shown 
in Figure-12. The absence of initial information about the 
environment is obvious. The snapshots clearly illustrate the 
nature of conditionally-informed navigation.  
 

 
Fig. 12 :  snapshots of the guidance fields, barriers example  

 
Figure-13 shows the trajectory the robot took superimposed 
on both the subjective and objective environments of the 
robot. As can be seen, there is a significant difference 
between the actual geometric environment of the robot and 
the final safety map the robot recorded. Despite this, the 
differential and integral properties of the trajectory are very 
good especially when one takes into consideration that it 
was generated under zero initial information.  
 

 
Fig. 13: trajectory overlaid on the objective and subjective environments, 

barriers example  
The signal from the ultrasonic sensor is shown in Figure-14. 
The signal is highly irregular with a lot of discontinuities. 
Despite this, the orientation profile of the robot (Figure-15) 
is excellent and the control signals (right and left wheels’ 
speeds) are well-behaved (Figure-16). 
 



  

 

 
Fig.14:  ultrasonic sensor signal, barriers example 

  

 
Fig. 15:  Robot orientation, barriers example 

  

 
Fig. 16: Control signals, barriers example 

 
VI. CONCLUSIONS 

This paper provides a proof of principle that the potential 
field approach is not only suitable for motion planning at the 
servo-level of a robot, it also have the ability to provide 
provide a  provably-correct, ultrasonic sensor-based servo-
level navigation control signal. The suggested structure, 
despite the simplicity of the processing used, can 
successfully tackle challenging environments both in terms 
of geometry and sensory signal distortion. The paper also 
demonstrates the centrality of the guidance module (motion 
planner) to the overall mobility structure. The work in this 
paper provides a strong reason to re-examine the belief that 
accurate, geometrical mapping of the environment is a 
perquisite to satisfactorily navigate an unstructured 
environment. Experimental results show that proceeding 
towards the target under zero a priori information while 
collecting only the data needed to guarantee safety can 
produce trajectories with good differential, state and integral 
characteristics. 

ACKNOWLEDGMENT 
The authors gratefully acknowledge the assistance of king 

Fahad University of Petroleum and Minerals.  The authors 
also acknowledge the important assistance of Mr. Mohanad 
Ahmed with the implementation of the experiments.  

REFERENCES 
[1]  M. Kulich, P. Stopan, L. Preucil, "Knowledge Acquisition for 

Mobile Robot Environment Mapping", Database and Expert Systems 
Applications, Lecture Notes in Computer Science Volume 1677, 
1999, pp 123-134 

[2]  D. Wooden, "A Guide to Vision-Based Map Building", IEEE 
Robotics and automation magazine, June 2006, pp. 94-98 

[3]  C. Castejo, B. Boada, D. Blanco, L. Moreno, "Traversable Region 
Modeling for Outdoor Navigation", Journal of Intelligent and Robotic 
Systems (2005) 43: 175–216 

[4]  L. Feng, J. Borenstein, and B. Everett, 1994, " Where am I? Sensors 
and Methods for Autonomous Mobile Robot Localization." Technical 
Report, The University of Michigan UM-MEAM-94-21, December 
1994. 

[5]  C. Goerzen; Z. Kong; B. Mettler, "A survey of motion planning 
algorithms from the perspective of autonomous UAV guidance", 
Journal of Intelligent and Robotic Systems: Theory and 
Applications.2010;57(1-4):65-100 

[6]  N. Rao, S. Kareti, W. Shi, S. Iyengar, "Robot Navigation in Unknown 
Terrains: Introductory Survey of Non-Heuristic Algorithms", Oak 
Ridge National Laboratory, Tech. Rep. ORNL/TM-12410, July 1993.  

[7]  G. Campion, B. d’Andrea-Novel, G. Bastin, Controllability and state 
feedback stabilizability of non holonomic mechanical systems, in: 
Advanced Robot Control, in: Lecture Notes in Control and 
Information Sciences, vol. 162, 1991, pp. 106–124 

[8]  G. Campion, G. Bastin, B. D’Andrea-Novel, Structural properties and 
classification of kinematic and dynamic models of wheeled mobile 
robots, IEEE Transactions on Robotics and Automation 12 (1) (1996) 
47–62. 

[9]  G. Grisetti, R. Kümmerle, C. Stachniss, and W. Burgard, "A Tutorial 
on Graph-Base SLAM", IEEE Intelligent Transportation Systems 
IEEE Magazine, Winter 2010, pp. 31-43,  

[10]  A. Censi, A. Nilsson, R. Murray, "Motion planning in observations 
space with learned diffeomorphism models", Proceedings of the IEEE 
International Conference on Robotics and Automation (ICRA), 2860–
2867. Karlsruhe, Germany, 5 2013 

[11]  A. Censi, "Bootstrapping Vehicles: a Formal Approach to 
Unsupervised Sensorimotor Learning Based on Invariance", Ph.D, 
California Institute of Technology Pasadena, California, 2013.  

[12]  A. Masoud, "A Harmonic Potential Approach For Simultaneous 
Planning And Control Of A Generic UAV Platform", From The Issue 
"Special Volume On Unmanned Aircraft Systems" Of  Journal Of 
Intelligent & Robotic Systems: Volume 65, Issue 1 (2012), Page 153-
173 

[13]  S. Thrun, T. Mitchell, "Lifelong Robot Learning", The Biology and 
Technology of Intelligent Autonomous Agents NATO ASI Series 
Volume 144, 1995, pp 165-196,  

[14]  A. Stentz, M. Hebert, "A Complete Navigation System for Goal 
Acquisition in Unknown Environments", Autonomous Robots, 1995, 
Volume 2, Issue 2, pp 127-145 

[15]  S. Masoud, A. Masoud, " Motion Planning in the Presence of 
Directional and Regional Avoidance Constraints Using Nonlinear, 
Anisotropic, Harmonic Potential Fields: A Physical Metaphor",  IEEE 
Transactions on Systems, Man, & Cybernetics, Part A: systems and 
humans, Vol 32, No. 6, November 2002, pp. 705-723. 

[16]  A. Masoud, "Motion Planning With Gamma-Harmonic Potential 
Fields", Aerospace and Electronic Systems, IEEE Transactions on 48 
(4), 2012, pp. 2786 - 2801 

[17]  B. Min, D. Cho, S. Lee, Y. Park, "Sonar mapping of a mobile robot 
considering position uncertainty", Robotics and Computer-Integrated 
Manufacturing, Volume 13, Issue 1, March 1997, Pages 41–49 

[18]  A. Murarka, "Building Safety Maps using Vision for Safe Local 
Mobile Robot Navigation", ph.D., The University of Texas at Austin 
August 2009 

[19]  L. Banta, "Advanced Dead-reckoning Navigation for Mobile Robots", 
Ph.D, Mechanical Engineering, Georgia institute of technology, 1987  

[20]  D. Sekimori, F. Miyazaki, "Precise Dead-Reckoning for Mobile 
Robots Using Multiple Optical Sensors", Informatics in Control, 
Automation and Robotics II, pp. 145-151, 2007, Springer 

[21]  R. Gupta, A Masoud, M. Chow, "A Delay-Tolerant, Potential Field-
Based, Network Implementation Of  An Integrated Navigation 
System", The IEEE Transactions On Industrial Electronics, Vol. 57, 
No.2, February 2010, PP. 769-783 

[22]  A. Masoud, Samer A. Masoud, "Evolutionary Action Maps for 
Navigating a Robot in an Unknown, Multidimensional, Stationary 
Environment, Part II: Implementation and Results", the 1997 IEEE 
International Conference on Robotics and Automation, April 21-27, 
Albuquerque, New Mexico, USA, pp. 2090-2096. 

[23]  A. Masoud, "A Harmonic Potetnial Field Approach For Joint Planning 
& Control Of A Rigid, Seprable, Nonholonomic, Mobile Robot", 
Robotics And Autonomous Systems, Volume 61, Issue 6, June 2013, 
Pages 593–615. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


