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Can a Kkinetic optimization criterion predict both arm trajectory and
final arm posture?

Yasuhiro Wada, Kazuhiro Yamanaka, Yousuke Soga, Kimitaka Tsuyuki and Mitsuo Kawato

Abstract— The following two characteristics have been well
demonstrated concerning the features of a point-to-point human
arm movement on a plane. (1) The path is a roughly straight
line, but is slightly curved. (2) The velocity profile is bell shaped
with a single peak. Several models have been proposed to
explain these features. Four criteria for trajectory planning
based on optimal principles have been proposed. They are the
minimum hand jerk criterion, the minimum angle jerk crite-
rion, the minimum torque change criterion, and the minimum
commanded torque change criterion. Trajectories generated
by the minimum commanded-torque change model have been
shown to correspond well with measured trajectories in a
horizontal and sagittal work space. However, previous works
had been restricted to trajectories on a two-dimensional plane.
Trajectories and final arm postures had not been examined in
three-dimensional space. In this paper, we quantitatively discuss
predictions based on these criteria for human arm trajectories
and arm postures in three-dimensional space. Finally, we report
that both measured hand trajectories and arm postures were
closest to trajectories and postures predicted by the minimum
commanded torque change criterion.

I. INTRODUCTION

The following two characteristics have been found as
features of a point-to-point human arm movement on a two-
dimensional plane such as a horizontal plane or a sagittal
plane [1]. (1) The path is a roughly straight line, but is
slightly curved. (2) The velocity profile is bell shaped with a
single peak. Several models based on optimization principles
have been proposed to explain these characteristics. They
include the minimum hand jerk criterion [2], the minimum
angle jerk criterion [8], the minimum torque change criterion
[9], and the minimum commanded torque change criterion
[6]. In addition, the plausibility of these criteria as computa-
tional trajectory planning principles of the human brain have
been discussed.

Nakano et al. [6] and Wada et al. [10] quantitatively
examined how these criteria can predict measured human
trajectories accurately, and then reported that minimum
commanded torque change trajectories are the trajectories
on two-dimensional planes closest to human trajectories
among all of the trajectories predicted by the above criteria.
However, these works were restricted to movements on two-
dimensional planes. They had not examined trajectories and
arm postures in three-dimensional space.

In this paper, we extend the equations of arm motion
from two-joint, two-degree-of-freedom, and two-dimensional
plane movements, to two-joint, four-degree-of-freedom, and

Fig. 1.
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three-dimensional space movements, as shown in Fig. 1.
Next, we measure many point-to-point movements in three-
dimensional space and compare the results with minimum
hand jerk trajectories, minimum angle jerk trajectories, min-
imum torque change trajectories, and minimum commanded
torque change trajectories. Then, we discuss our findings
quantitatively and statistically. Moreover, we perform quanti-
tative examinations between measured arm postures and arm
postures predicted by the optimization criteria. Finally, we re-
port that minimum commanded torque change trajectories are
closest to trajectories measured in three-dimensional space
as well as on a two-dimensional plane and the minimum
commanded torque change criterion can explain measured
arm postures well. We point out the possibility that both
hand trajectories and arm postures can be predicted by the
optimization criterion.

II. EQUATIONS OF MOTION IN THREE-DIMENSIONAL
SPACE

The work space is determined by two joints and four
degrees of freedom, that is, the shoulder joint takes three
degrees of freedom and the elbow joint takes one degree
of freedom. The following equations are the equations of
motion, which depend on the dynamics parameters such as
the arm length, mass, distance from the position of the joint
to the position of the center of gravity, and inertia moment
surroundings of links. Here, 7, and 6, are the torque of
joint p (p =1,2,3,4) and the joint angle, respectively. The
first term, second term, third term, and fourth term show
the inertial force, centrifugal force/Coriolis’ force, viscous
force, and gravitational force, respectively. B,; denotes the
viscosity coefficient expressing the influence of the angular
velocity of joint j (j = 1,2,3,4) on the torque of joint p.
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TABLE I
APPROXIMATE LOCATIONS OF TARGETS RELATIVE TO THE SHOULDER.
IN FRONT OF THE BODY, THE MINUS DIRECTION OF THE AZIMUTH IS
THE LEFT DIRECTION FROM THE RIGHT SHOULDER POSITION. THE
ELEVATION IS MINUS TOWARDS THE LOWER DIRECTION FROM THE
RIGHT SHOULDER POSITION.

Target | Distance [m] | Azimuth [°] | Elevation [°]
1 0.32 -46 +2
2 0.28 -8 +2
3 0.47 -24 +22
4 0.34 +15 +26
5 0.31 +27 -37

ITII. MEASUREMENT EXPERIMENT OF
THREE-DIMENSIONAL MOVEMENTS

In the measurement experiment, the subjects performed
point-to-point movements according to indicated starting and
final points. They were not informed about the purpose
of the experiment. The instructions for the starting point
and the final point in three-dimensional space were markers
suspended from the ceiling (Fig. 2). Each subject sat in
a chair and his body, shoulder, and wrist were fixed. No
arm posture instruction was given. The subject moved his
hand to the position of the starting point naturally. Then,
the subject moved his hand towards the final point. The
position of the shoulder, the elbow, and the hand were mea-
sured by a three-dimensional position measurement device
(OPTOTRAK3020). The sampling frequency was 200Hz.
In the experiment, the subjects performed point-to-point
movements according to the indicated movement time levels,
which were instructed by “Fast”, ”Normal”, and ”Slow”.
Experiment
The subjects were three right-handed men in their twenties.
The target positions were selected by referring to the ex-
periments in Nishikawa et al. [7]. The five points shown
in Table I were determined. We did not indicate the arm
posture at the starting position. Then, the subjects started
the movements after assuming their own natural postures.
Each subject performed thirty movements for the following
ten combinations of starting and final points for three speed
levels (fast, normal, and slow).

1—2,1—3, 1—4, 1—5, 2—3,

2—4, 2—5, 3—4, 3— 5, 4—5

We gave the instruction for the fast speed as faster than
the normal speed and for the slow speed as slower than the
normal speed.

The average motion durations of the ten measured tra-
jectories for each subject in the order of fast, normal, and
slow were as follows: 0.47 &+ 0.13[sec], 0.56 £+ 0.16[sec],
0.73 £ 0.20[sec| for Subject 1, 0.56 £ 0.08[sec], 0.80 +
0.09[sec], 1.05+0.19[sec] for Subject 2, and 0.7440.18[sec],
0.97 + 0.24[sec], 1.17 £ 0.28[sec] for Subject 3.

In all of the tests, the position data was filtered by a third-
order Butterworth filter with an upper cutoff frequency of
15Hz. Because it was difficult for each subject to make his
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Fig. 2. Measurement setup for three-dimensional movements

hand stationary at the starting point and at the final point
and because the velocity profile oscillated, we determined the
actual beginning and end positions of each movement using a
velocity profile with a 5% threshold of the peak velocity. That
is, the starting point was determined by searching for a point
below 5% of the peak velocity from the peak velocity time
towards the starting point, and the final point was determined
by searching for a point below 5% of the peak velocity from
the peak velocity time towards the final point.

IV. TRAJECTORY AND ARM POSTURE PLANNING BASED
ON AN OPTIMIZATION PRINCIPLE

In the following analysis, we investigated differences
between measured human movements and movements pre-
dicted by the planning criteria when varying the speed of
motion. Finally, we considered whether the arm posture at the
final position can be predicted by the optimization criterion
for trajectory planning.

A. Quantitative examination of trajectory prediction

In this section, we look at quantitative examinations from
the data of experiment.

1) Dynamics parameters : The dynamics parameter
values for the three subjects were as follows: Li: 0.29 —
0.32[m], Ls: 0.28 — 0.31[m], My: 1.50 — 1.60[kg], Mo:
0.92 — 1.03[kg], S1: 0.11 — 0.12[m], Sa: 0.14 — 0.15[m],
I;: 0.0098 — 0.0120[kg - m?], Io: 0.0088 — 0.0124[kg - m?],
Iip,: 0.0020 — 0.0024[kg - m?]. I;, M;, L;, and S; show
the inertia moment surroundings of link ¢ (i = 1,2), mass,
arm length, and the distance from the position of the joint
to the position of the center of gravity. I1y, expresses the
inertia moment of the inner rotation and lateral rotation for
the upper arm. Viscosity B;; is basically calculated by the
same method as Nakano et al. [6]. The viscosity values
for the subjects were as follows: diagonal element Bjj:
0.99—1.05[N-m-sec/rad], Bag: 0.64—0.66[N -m-sec/rad],
Bss: 0.66 — 0.69[N - m - sec/rad], Bys: 0.80 — 0.88[N -
m - sec/rad]. The non-diagonal elements were B14(= By1),
Boy(= Buaz),Bsa(= Baz): 0.18 — 0.19[N - m - sec/rad],
Blg(: Bgl), Blg(: Bgl),BQ3(: B32)Z O[N sm - sec/rad].

2) Quantitative examination : To compare the measured
trajectories with the trajectories predicted by the optimization
criteria quantitatively, the square error between the predicted
trajectory and the measured trajectory was calculated for (A)
position, (B) joint angle, (C) velocity, and (D) joint torque.
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Fig. 3.  Mean squared errors of measured trajectories and simulated
trajectories (subject 201) (normal speed). HJ: minimum hand jerk criterion,
AJ: minimum angle jerk criterion, TC: minimum torque change criterion,
CTC: minimum commanded torque change criterion

Figure 3 shows the average of the square error of (A) the
position, (B) joint angle, (C) velocity, and (D) joint torque
for 10 normal speed trajectories of subject 201.

Next, a t-test was performed for the errors of (A) - (D)
for the minimum hand jerk trajectory, minimum angle jerk
trajectory, minimum torque change trajectory, and minimum
commanded torque change trajectory containing the gravity
term at every speed (Table II). Table II shows ¢ values with
respect to errors between the minimum commanded torque
change trajectory and the other criteria as well as a significant
smaller criterion. The table shows results of the ¢ test for
30 trajectories for each speed of all subjects and for 90
trajectories involving all of the subjects and speed.

For each speed level, there were cases without a sta-
tistically significant difference between the square error
of the minimum commanded torque change trajectory and
the minimum hand jerk trajectory, minimum torque change
trajectory, and minimum angle jerk trajectory. However, there
was no case in which the error for the minimum commanded
torque change trajectory was significantly larger. Moreover,
for all of the subjects and all of the speed levels, the error
for the minimum commanded torque change trajectory was
significantly smaller.

B. Examination of human arm posture prediction

In this section, we discuss the possibility of arm posture
prediction based on optimization criteria using the data of
experiment. The arm dynamics parameters for the prediction
calculation are the same as those in the above section. The
criteria we consider are the minimum commanded torque
change trajectory, the minimum torque change trajectory,
and the minimum angle jerk trajectory. In the calculations,
the movement time, the hand positions at the starting point
and final point, and the elbow position at the starting point
were used as the common boundary conditions. By varying
the elbow position at the final point, the optimal trajectory
was calculated. That is, we looked at the variation in the
performance index of each criterion with respect to the elbow
position at the final point. Each elbow position at the final

TABLE II
RESULTS OF A t-TEST FOR THE MEAN SQUARED ERRORS OF MEASURED
TRAJECTORIES AND SIMULATED TRAJECTORIES. (FAST, NORMAL,
SLOW SPEEDS) t: T VALUE, *: SIGNIFICANCE < 0.05, **: SIGNIFICANCE
< 0.01. A MODEL WITH SIGNIFICANTLY LESS MEAN SQUARED ERRORS
IS SHOWN ON THE RIGHT OF THE LEVEL SIGNIFICANCE.

(a) Fast (three subjects)

t-value | Degree of freedom
HJ - CTC | (A) 2.08 29
(B) | 3.03* 29 CTC
AJ - CTC | (A) | 261* 29 CTC
B) | 3.51** 29 CTC
(©) | 3.24%* 29 CTC
D) | 2.76* 29 CTC
TC - CTC | (A) | 3.49%* 29 CTC
(B) | 3.90%* 29 CTC
(©) | 4.02%* 29 CTC
(D) | 3.25%* 29 CTC
(b) Normal (three subjects)
t-value | Degree of freedom
HJ - CTC | (A) | 3.42%* 29 CTC
B) | 2.50% 29 CTC
AJ - CTC | (A) | 3.40%* 29 CTC
B) | 2.72* 29 CTC
©) | 2.76% 29 CTC
(D) | 2.42% 29 CTC
TC - CTC | (A) | 3.61%* 29 CTC
(B) | 3.19%* 29 CTC
(©) | 4.18%* 29 CTC
(D) | 3.38%* 29 CTC
(c) Slow (three subjects)
t-value | Degree of freedom
HJ - CTC | (A) | 3.09%* 29 CTC
(B) 1.86 29
AJ - CTC | (A) | 2.92% 29 CTC
B) | 2.67* 29 CTC
(©) | 4.15%* 29 CTC
(D) 1.91 29
TC - CTC | (A) | 3.45%* 29 CTC
(B) | 3.17** 29 CTC
(C) | 4.87** 29 CTC
(D) | 2.98* 29 CTC
(d) All
t-value | Degree of freedom
HJ - CTC | (A) | 4.85%* 89 CTC
(B) | 4.32%* 89 CTC
AJ - CTC | (A) | 4.93%* 89 CTC
(B) | S5.15%* 89 CTC
(©) | 5.86%* 89 CTC
(D) | 4.15%* 89 CTC
TC - CTC | (A) | 5.91** 89 CTC
B) | 5.78** 89 CTC
(©) | 7.51%* 89 CTC
D) | 5.61%* 89 CTC

point was determined by rotating the measured elbow posi-
tion as in Fig. 4. The rotation angle of the measured elbow
position is denoted as O degree. The rotation angle range
is —60° ~ +460°, and nine rotation angles (—60°, —40°,
—20°, —10°, 0°, +10°, 4+20°, 4+40°, 460°) are selected to
generate the minimum angle jerk trajectory, the minimum
torque change trajectory, and the minimum commanded
torque change trajectory. Then, we estimated the elbow
position at the final point that took the minimum performance
index value. The differences between the measured elbow
positions and the elbow positions minimized the individual
performance indices were compared quantitatively.
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Fig. 4. Rotation of elbow at final location

TABLE III

THE EVALUATION VALUE IS MINIMIZED

Fast Normal Slow
Al 26.461+38.64[deg] | 23.06+40.37[deg] | 24.81£35.61[deg]
TC 2.59+10.41[deg] 2.18+10.18[deg] 1.934+10.30[deg]
CTC 1.58+8.44[deg] 1.85+8.78[deg] 2.6018.34[deg]

AJ: minimum angle jerk criterion, TC: minimum torque change criterion,
CTC: minimum commanded torque change criterion

The mean and standard deviation of the rotation angle that
minimizes the value of the performance index are shown in
Table III for the three subjects at each movement speed.
Results of a t-test are shown in Table IV. By comparing
the minimum commanded torque change trajectory with the
minimum angle jerk trajectory, we can see that the rota-
tion angle that minimizes the minimum commanded torque
change criterion is significantly closer to the rotation angle of
0 degree than the minimum angle jerk criterion for all of the
movement speeds. However, there is no significant difference
between the minimum commanded torque change trajectory
and the minimum torque change trajectory. In the point-to-
point movement, the arm posture at the final point predicted
by the minimum commanded torque change criterion and the
minimum torque change criterion corresponds better to the
measured arm posture than the prediction by the minimum
angle jerk criterion. Considering this together with the results
of the previous section, it is conceivable that the minimum
commanded torque change criterion is the most adequate
criterion for trajectory and posture planning among all of
the criteria in this paper based on optimization principles.

V. DISCUSSION

In this paper, we examined the possibility of trajectory and
final arm posture planning based on optimization criteria in

TABLE IV
RESULTS OF A ¢t-TEST FOR ANGLE OF ELBOW TO WHICH THE
EVALUATION VALUE IS MINIMIZED. t: T VALUE, *: SIGNIFICANCE <
0.05, **: SIGNIFICANCE < 0.01.

AJ-CTC TC-CTC
t-value | df t-value | df
Fast 3.51%% | 29 | CTC 0.83 29 | —
Normal 3.01%* 29 | CTC 0.44 29 | —
Slow 3.39%% | 29 | CTC 0.70 29 | —
all (90trajectories) | 5.77** | 89 | CTC 0.39 89 | —

three-dimensional space using equations of two-link manip-
ulators with four degrees of freedom. In addition, we looked
at the influence of the motion duration. In regard to the
trajectory planning, we generated point-to-point trajectories
in three-dimensional space based on the minimum hand jerk
criterion, minimum angle jerk criterion, minimum torque
change criterion, and minimum commanded torque change
criterion, and confirmed that measured trajectories were
closest to the minimum commanded torque change trajectory.
In point-to-point movements, the arm posture at the final
point predicted by the minimum commanded torque change
criterion and the minimum torque change criterion was found
to be closer to the measured arm posture than the prediction
by the minimum angle jerk criterion. Finally, we suggested
that the minimum commanded torque change criterion is the
most adequate criterion for trajectory and posture planning
among all of the criteria in this paper based on optimization
principles.

As future problems, we need to further consider the viscosity
of the inner rotation and lateral rotation for the shoulder
joint, which is not estimated in Gomi&Osu [3]. Several
posture control systems [4][S] have been proposed. Com-
putational approaches, e.g., a trajectory formation model
(Forward-Inverse Relaxation Model) based on the minimum
commanded torque change model, have been proposed by
Wada and Kawato [11], but no model has been proposed
that can calculate both the hand trajectory and arm posture
based on the minimum commanded torque change criterion.
It is an important issue to study a one-shot algorithm that
can calculate both the hand trajectory and arm posture.

REFERENCES

[1] W. Abend, E. Bizzi, and P. Morasso. Human arm trajectory formation.
Brain, 105:331-348, 1982.

[2] T. Flash and N. Hogan. The coordination of arm movements: An ex-
perimentally confirmed mathematical model. Journal of Neuroscience,
5:1688-1703, 1985.

[3] H. Gomi and R. Osu. Task dependent viscoelasticity of human
multijoint-arm and its spatial characteristics for interaction with envi-
ronments. Journal of Neuroscience, 18(21):8965-8978, 1998.

[4] J. Massion. Postural control systems in developmental perspective.
Neuroscience and Biobehavioral Reviews, 22(4):465-472, 1998.

[5] P. G. Morasso, L. Baratto, R. Capra, and G. Spada. Internal models
in the control of posture. Neural Networks, 12:1173-1180, 1999.

[6] E. Nakano, H. Imamizu, R. Osu, Y. Uno, H. Gomi, T. Yoshioka, and
M. Kawato. Quantitative examinations of internal representations for
arm trajectory planning: minimum commanded torque change model.
Journal of Neurophysiology, 81(5):2140-2155, 1999.

[7]1 K. C. Nishikawa, S. T. Murray, and M. Flanders. Do arm postures vary
with the speed of reaching? Journal of Neurophysiology, 81(5):2582—
2586, 1999.

[8] D. A. Rosenbaum, L. D. Loukopoulos, R. G. Meulenbriek, J. Vaughan,
and S. E. Engelbrecht. Planning reseasoechtches by evaluating stored
posture. Psychol. Rev., 102:28-67, 1995.

[9] Y. Uno, M. Kawato, and R. Suzuki. Formation and control of optimal

trajectory in human multijoint arm movement — minimum torque

change model. Biological Cybernetics, 61:89-101, 1989.

Y. Wada, Y. Kaneko, E. Nakano, R. Osu, and M. Kawato. Quantitative

examinations for multi joint arm trajectory planning by a strict and

robust calculation algorithm of minimum commanded torque change

trajectory. Neural Networks, 14(4-5):381-393, 2001.

Y. Wada and M. Kawato. A neural network model for arm trajectory

formation using forward and inverse dynamics models. Neural

Networks, 6(7):919-932, 1993.

[10]

(1]

1200



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 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
  ]
  /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 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 2.00333
  /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
  /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

  /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 Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


