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Abstract— In this study, training data of berth maneuvering 
using ship handling simulator was analyzed from the viewpoint of 
the minimum time berth maneuvering problem. The safety 
margin of the minimum time berthing problem was derived from 
the minimum value and the maximum value of the simulator 
training data of the first class pilot trainee.
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I. INTRODUCTION

Berthing a ship at a harbor is one of difficult missions for 
ship operators. The ship requires long distance and lot of time 
to stop at the harbor, because the braking force is small 
compared with its huge mass. Since the rudder of the ocean 
vessel is designed for navigational full speed, the 
maneuverability worsens remarkably when the speed is 
decreased for the berthing. Therefore, the ship operators make 
the plane for ship operation while considering the distance that 
the ship requires to stop and the maneuverability at the low-
speed. And then, they execute the ship berthing operation. 
When the ship operators make the plane for the ship berthing 
operation, it is important to understand the ship’s 
maneuverability adequately. In generally, the ship operators 
learn the ship’s maneuverability through a lot of ship 
operations experiences. The berthing method of well 
experienced ship operator is a rational and effective 
maneuvering method that derived the maximum 
maneuverability of the ship. However, it is predicted that the 
ship operator who has not enough experience of ship operation 
will face to ship berthing operation in the near future in Japan. 
There are a lot of ratios of senior crew in Japan. Therefore if 
the senior generation retires, the ratio of young crew will 
increase. Then, there are needs of the berthing operation 
support system which supports the young crew.  

In the previous work [1], we have focused to the method of 
well experienced ship operator, and developed the ship 
berthing support system based on rational and effective 
maneuvering method that derived the maximum 
maneuverability of the ship. Then, we have adopted the 
minimum time berthing method which is the limit of the 
maneuverability as a plan of the berthing operation. The 
solutions of minimum time berthing problem has been obtained 

by solving nonlinear two-point boundary value problems 
(TPBVP) by the authors [2]. In this method, for the sake of 
obtaining reliable solutions, the equations of motions in berth 
maneuvering are represented by sophisticated nonlinear 
mathematical model. The rationality of the minimum time 
berthing method is shown by systematical solutions which are 
analyzed from viewpoint of geographical condition [3]. 
However, there is a possibility that the ship operator feels 
danger [4] compared with the ship operator's maneuvering 
method because the minimum time maneuvering method is 
limit of ship's maneuverability. In the previous research, from 
the viewpoint of ship operator's maneuvering method, the 
setting of ship berthing problem was divided into two phases 
which were an approaching phase and a berthing phase. And 
more, it is necessary to set an appropriate safety margin in the 
setting of ship berthing problem to obtain the solution which 
suits the ship operator's sense. 

Therefore, in this study, training data of berth maneuvering 
using ship handling simulator is analyzed from the viewpoint 
of the minimum time berth maneuvering problem. Then, it will 
be tried to obtain the safety margin from the training data and 
to set the safety margin as constraints in the minimum time 
berthing problem. In this paper, first of all, setting of the 
minimum time berthing problem and method of solving the 
problem are described. Next, the detail of the training for berth 
maneuvering which used ship handling simulator is described, 
then some results of analyzed data are shown. 

II. OUTLINE OF THE MINIMUM TIME BERTHING PROBLEM

A. Setting of the problem 
In general, the ship operators executed the ship berthing 

operation as following procedures. At first, they are entering 
the port while reducing the ship speed by controlling main 
engine (M/E) revolution per minute (rpm) or controllable pitch 
propeller (CPP) angle.  Next, the ship was guided to the front 
of the berth by operating the rudder while decelerating. Finally, 
the ship was moved into the berth while the ship’s attitude was 
controlled by ship's side thruster or tugboats and stopped on 
berthing point. The minimum time berthing problem was to 
execute this series of operation by minimum time. Therefore, 
the minimum time berthing problem was formulated to guide a 
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ship from a certain point (point A in Fig.1) to another berthing 
one (point C in Fig.1) in a minimum time. This kind of problem 
was considered as a two-point boundary value problem, which 
set the point A as an initial point and the point C as a terminal 
point. 

 Such berthing problem might be solved using the theory of 
calculus of variations [5]. Thus the minimum time berthing 
problem is formulated as follows. A performance index of this 
problem is defined by a functional 

1 1

0 0
( , , , )I f t dt dtx u

Figure 2. Track of minimum time berthing solution 

Point A

Point C

Berth

Figure 1. Berthing problem 

 (1) 

where, I  is a scalar value, x is the state vector, u  is the control 
vector, t  is the actual final time value and is the normalized 
time value. And the solution of the problem is minimized the 
performance index with constrains as follows. The differential 
constraints, 

( , , , ) 0,     0 t 1tx x u  (2) 

where the function denotes a nonlinear ship's motions model, 
and the boundary conditions: 

The initial ship's state, specified by the functional 

0
( ) 0x  (3) 

The terminal state of ship, specified by the functional 

1
( , ) 0x  (4) 

where denotes initial constrain and denotes terminal 
constrain. The non-differential constraints, 

( , , , ) 0,    0 1t tS x u  (5) 

where the function is useful to set the safety margin such as 
the constraint of state vectors and limit of the control inputs. 

Therefore, the one of the purpose of this study is to obtain the 
value of state vector for this constraint function. 

S

Figure 3. Time series of minimum time berthing solution  

B. Solution of Minimum Time Berthing Problem 
If the safety margin was not set to the minimum time 

berthing problem, there are possibility that the solution of the 
problem made ship's operator feel stress, because the solution 
of minimum time berthing problem required ship to keep high 
speed at near the berth. For instance, the solution of the 
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minimum time berthing problem which was not set the safety 
margin was indicated in Fig.2 and Fig.3. The solution of the 
track was indicated in Fig.2 and the time series of state vectors 
were indicated in Fig.3. From these figures, it was clear that the 
ship speed was 1.54 m/s (3 knots) at the position where 25m 
from the berth. It could give the ship operator a strong stress, 
that the ship was approaching the berth at the speed which 
couldn't be stopped at once. Then, to set the safety margin at 
the ship's speed around the berth, the minimum time berthing 
problem was divided into two phases, namely approaching 
phase and berthing one like showing in Fig.4. In this figure, 
point A was assumed to a starting position, point B was 
assumed to the front of the berth position, and point C was 
assumed to the berth. And, the section where the ship was 
guided from point A to point B while decelerating was assumed 
to approaching phase, and the section where the ship was 
moved from point B and stopped into point C was assumed to 
berthing phase. If ship operator set the position of point B and 
the speed at point B, as a result, the safety margin was set at 
beginning of the berthing phase. Then, one of the targets of this 
research was to derive the data of starting point of berthing 
phase from the training data of ship handling simulator.  

Figure 5. Outline of the scenario 

Point A

Point C

Berth
Point B

Berthing
Phase

Approaching 
Phase

Figure 4. Setting of berthing problem 

III. SHIP HANDLING SIMULATOR FOR PILOT TRAINEES

In Japan, the training school of pilot uses the ship handling 
simulator for trainee's training. Therefore, in this study, to 
obtain the safety margin of the berthing problem, their training 
data in the ship handling simulator was analyzed. The ship 
handling simulator which was used for their training consists of 
a bridge system, a visual system, and a control system. The 
bridge system was installed all equipments necessary for 
navigation. The visual system produces a seascape of 240 
degrees in horizontal view and 40 degrees in vertical view. The 
control system was for creating and editing of scenarios and for 
operation of simulation runs. During simulation runs, tugboats, 
anchors, and moorings are controlled by an operator of the 
control system.  

In this study, the scenario for entering Yokohama port was 
used. Target ships were a container ship with 10,000 Gross 
Tonnage and a container ship with 70,000 Gross Tonnage. 
Fig.5 shows the outline of the scenario. The starting position of 
this scenario is entrance of the sea route for entering the 
Yokohama port. At first, there is a breakwater in both sides of 
the sea route, the ship operator was required that keep the ship 
on the right side of sea route. After the breakwater is passed 
they have to make the ship turn to the left. Next, they should 
have the ship toward to the Honmoku D4 berth while 
decreasing the ship's speed. Since the ship's speed become 
slowly, the effect of the rudder worsens. Therefore, they could 
use two tugboats with 3000ps. The tug boats are used for 
controlling the position of the ship by pushing or pulling. In 
this scenario, other ships other than the tugboats did not arrange, 
because this scenario was used for an initial stage of the 
training. Subjects were the first class pilot trainees of 13 people. 
They are the man of 55 to 65 years, and they have experience 
of ship's captain. 

Figure 6. Outline of Berthing phase 
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Figure 8. Ship’s forward speed during berthing phase 
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Figure 7. Tracks of berthing phase 

IV. RESULTS OF THE SIMULATOR TRAINING

From the viewpoint of minimum time berthing problem, 
training data of first class pilot trainee were analyzed in this 
section. At first, berthing problem was divided into the 
approaching phase and the berthing phase as explained in 
section 2. In this simulation, after the ship turned to the 
Honmoku wharf, the tugboats were used for berth maneuvering. 
Then, the position to which the ship had lined up in the quay 
corner in Honmoku shown in Fig.6 was assumed to be a 
starting point of the berthing phase. The state vector of the ship 
in the berthing phase was analyzed to obtain the safety margin 
of the minimum time berthing problem. The state vector of the 

ship in the berthing phase of the simulator training that the first 
class pilot trainee had done with the container ship of 
10,000GT and 70,000GT was indicated in the following figures. 
The track of the ship, the ship’s forward speed, the ship’s side 
way speed, the ship’s heading angles and the ship’s turn rate 
were shown in Fig.7-Fig.11 respectively. 

In Fig.7, the origin indicated the berthing position, the 
horizontal axis indicated the distance to the berthing position, 
and the vertical axis indicated the side distance to the quay. 
Therefore, the position of 525m of a horizontal axis showed the 
position of the quay corner in Fig.6. From Fig.7, it was read 
that in the case with the ship of 10,000GT, minimum value of 
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Figure 9. Ship’s side way speed during berthing phase 
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Figure 10. Ship’s heading angle during berthing phase 
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side distance to the quay when the ship lines up in the quay 
corner was 76m. In the case with the ship of 70,000GT, 
minimum value was 100m. Therefore, it was thought that the 
minimum value of side distance to the quay of beginning of the 
berthing phase could be set for the minimum limit of ship’s 
side distance to the quay of beginning of the berthing phase in 
the minimum time berthing problem as the safety margin. 

In Fig.8, the horizontal axis indicated the distance to the 
berthing position and the vertical axis indicated ship’s forward 
speed. From Fig.8, it was read that, in the case with the ship of 
10,000GT, maximum value of the ship's forward speed at 
beginning of the berthing phase was 2.5m/s. In the case with 
the ship of 70,000GT, maximum value was 2.0m/s. Therefore, 
it was thought that the maximum value of ship's forward speed 
at the beginning of berthing phase could be set for the 
maximum limit of ship's forward speed at the beginning of 
berthing phase in the minimum time berthing problem as the 
safety margin. 

In Fig9, the horizontal axis indicated the side distance to the 
quay, and the vertical axis indicated the ship's side way speed. 
From Fig.9, it was read that in the case with the ship of 
10,000GT, maximum value of the ship's side way speed which 
approached the quay was 0.47m/s. In the case with the ship of 
the 70,000GT, the maximum value was 0.27m/s. Therefore, it 
was thought that these maximum values of ship's side way 
speed which approached the quay could be set for the 
maximum limit of ship’s side way speed in the minimum time 
berthing problem as the safety margin. 

In Fig.10, the horizontal axis indicated the distance to the 
berthing position, and the vertical axis indicated the ship’s 
heading angle. Since the ship’s heading angle becomes parallel 
to the quay, it was set as zero. If the ship's heading angle was 
point to the quay, it was set as minus angle. During the berthing 
phase, maximum approaching angle toward the quay was 28 
degrees for the ship of 10,000GT. In the case with the ship of 

70,000GT, it was 18degrees. Therefore, it was thought that 
these maximum approaching angles could be set for the 
maximum limit of ship’ s heading angle in the minimum time 
berthing problem as the safety margin. 

In Fig 11, the horizontal axis indicated ship’s side distance 
to the quay, and the vertical axis indicated the ship’s turn rate. 
From Fig11, it was read that maximum value of turn rate was 
0.4 deg/s for the ship of 10,000GT. In the case with the ship of 
70,000GT, maximum value was 0.1 deg/s. Therefore, it was 
thought that these maximum values could be set for the 
maximum limit of ship’ turn rate in the minimum time berthing 
problem as the safety margin. 
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Figure 11. Ship’s turn rate during berthing phase

V. DISCUSSION

In this research, it was tried to derive the safety margin of 
the minimum time berthing problem from the minimum value 
and the maximum value of the simulator training data of the 
first class pilot trainee. In this section, instructor's 
demonstration data was analyzed as well as the case of the first 
class trainee. The minimum value and the maximum value of 
the state vector of the ship in the berthing phase were derived, 
and it was shown in Table I. From Table I, it was clear that the 
instructor's value were smaller than first class pilot trainee's 
value. This shows that the instructor was controlling ships more 
smoothly than the first class pilot trainee. The instructor has 
more than 15years pilot's experience, and he has a high ship 
maneuvering skill. This shows that there is a possibility to 
evaluate the result of the ship handling simulation by analyzing 
the value of the safety margin of the minimum time berthing 
problem. Moreover, it is thought that there is a possibility that 
the optimum solution corresponding to the skill can be derived 
by solving the problem of setting the safety margin with a 
different skill. 

TABLE I. MAXIMUM OR MINIMU VALE OF SHIP’S STATE VECTOR

Ship’s state vector 
10,000GT 70,000GT 

Instructor Trainee Instructor Trainee
Minimum value of ship's 
side distance to the quay at 
the biginning of the berthing 
phase

100 
[m] 

76 
[m] 

115 
[m] 

100 
[m] 

Maximum value of ship's 
forward speed  at the 
biginning of the berthing 
phase

2.0 
[m/s] 

2.5 
[m/s] 

1.6 
[m/s] 

2.0 
[m/s] 

Maximum value of ship's 
side way speed during the 
berthing phase 

0.41 
[m/s] 

0.47 
[m/s] 

0.11 
[m/s] 

0.27 
[m/s] 

Maximum value of ship's 
heading angle during the 
berthing phase 

17 
[deg] 

28 
[deg] 

13 
[deg] 

18 
[deg] 

Maximum value of ship's 
turn rate during the berthing 
phase

0.25 
[deg/s] 

0.4 
[deg/s] 

0.06 
[deg/s] 

0.1 
[deg/s]

VI. CONCLUSION

In this study, training data of berth maneuvering using ship 
handling simulator was analyzed from the viewpoint of the 
minimum time berth maneuvering problem. Then the following 
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safety margins which were able to be used for the constraint in 
the minimum time berthing problem were obtained from the 
ship handling simulation training data of the first class pilot 
trainees. As the constraint of the condition at the beginning of 
berthing phase, the minimum value of ship’s side distance to 
the quay and the maximum value of ship’s forward speed were 
obtained. As the limitation value during the berthing phase, the 
maximum value of ship’s side way speed, the maximum value 
of ship’s heading angle, and the maximum value of ship’s turn 
rate were obtained. 

ACKNOWLEDGMENT 

This work was supported by Grant-in-Aid for Scientific 
Research (C) 20560743. 

REFERENCES

[1] T. Okazaki, K. Ohtsu, “A Study of Ship Berthing Support System”, 
Proceedings of IEEE International Conference on System, Man and 
Cybernetics 2008, pp.1522-1527, 2008. 

[2] K. Ohstu, K. Shoji, and T. Okazaki, “Minimum Time Maneuvering of a 
ship, with Wind Disturbances,” Jurnal of Control Engineering Practice, 
Vol.4, No.3, 1996. 

[3] T. Okazaki, K. Ohtsu, and N. Mizuno, “A Study of Minimum Time 
Berthing Solutions,” Proceedings of Conference on Manuvering and 
Control of Marine Crafts 2000, 2000. 

[4] E. Okuyama, K Igarashi, H. Oda, K. Miyazaki K. Ohtsu, and T. 
Okazaki,”Guidance Control of Vessels using Minimum Time Control,” 
Proceedings of Conference on System, Man, and Cybernetics 2007, 
2007. 

[5] A. K. Wu and A. Miele, “Sequential Conjugate Gradient-Restoration 
Algorithm for optimal Control Problems with Non-Differential 
Constraints and General Boundary Conditions, Part 1,” Optimal Control 
Applications and Method.Vol.1. 1980.. 

665



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


