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Abstract - This paper discusses a design approach on

robotic food handling by considering the characteristics of

viscoelasticity. We pick up Norimaki as a typical example with

the viscoelastic characteristics. We first show that the dynamic

characteristics of Norimaki can be expressed by utilizing

the Burger model. After testing the parameter sensitivity, we

show an example of the optimum design for determining the

combination of the hand stiffness and the operating velocity.

We further show that the resultant plastic deformation can be

formulated with the exact solution.

Keywords - Food Handling, Viscoelasticity, Burger Model

1. INTRODUCTION

At present, dishing up food into a box lunch sold at

convenience stores is done manually by workers standing on

both sides of a belt conveyor. The net profit of an individual

box lunch, that is, the sales price minus the cost of the raw food

materials, personnel expenses and other management costs,

is limited to roughly 2% of the retail store price. In order

to increase the net profit or to improve the profit ratio for

dealing with box lunches, the manual processes for dishing up

should be shifted to an automatic sorting and filling system.

When designing a robotic hand for handling food, compared

to a robotic hand for industrial applications, the viscoelasticity,

adhesiveness, and non-homogeneity of objects have to be

considered. In this work, we focus on the viscoelasticity of

the handling objects and pick up the vinegared rice rolled in

laver, so called Norimaki-sushi (or Norimaki), as shown in

Fig.1. Handling such a viscoelastic object by a robotic hand

can be classified into three phases; the closing phase where

the hand base position closes for increasing the grasping force

applied to the object, as shown in Fig.2(i), the stationary phase

where the hand base position is fixed and the grasping force

decreases by the plastic deformation of the object, as shown in

Fig.2(ii), and the opening phase where the hand base position

opens for releasing the object, as shown in Fig.2(iii). Through

all phases, the grasping force f changes with respect to time.

The grasping force also changes with the stiffness of the hand.

On the other hand, in order to design a robotic hand in dishing

up food for box lunches, there are a couple of requirements,
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Fig. 1. An example of robotic food handling.

including a) lying a total working time cycle T of the robot

system within a remunerative time period, b) holding up the

object for a prescribed time period Tl for transporting the

object, and c) restraining the plastic deformation of object

Xp within an acceptable range to ensure product quality. d)

keeping an appropriate hand stiffness for the safety in the

mechanical strength. Taking the above requirements and the

characteristics of object into account, we have discussed a

design approach on robotic handling for a viscoelastic object

based on the Maxwell model, in our former work [1]. In this

work, we utilize the Burger model (four-element model) in

analysis of dynamic behaviors of the handled object, since

we can more intuitively understand the physical meaning of

contact force transition between the hand and the object with

the experimental data of Norimaki.

After obtaining the viscoelastic parameters of Norimaki

based on the Burger model through experiments, we explore

how the parameters effect on handling the object. We then

discuss a design approach for robotic hands by considering

the characteristics of viscoelasticity and find an optimum set

of design parameters. We further discuss that the Burger model

has an advantage where the resultant plastic deformation Xp

can be computed within a limited time interval.

This paper is organized as follows; In Section 2, we

briefly review related works. In Section 3, we obtain the
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Fig. 2. Three phases for handling a food.

viscoelastic parameters of Norimaki through experiments, and

give discussion on the parameter sensitivity. In Section 4, we

perform simulations and obtain the optimum combination of

the hand stiffness and the operating velocity so that the plastic

deformation results in minimum. In Section 5, we discuss an

advantage in computing the plastic deformation of object. In

Section 6, we give the conclusion of this paper.

2. RELATED WORKS

Robotic systems and automations for food processing have

been desired by the food industry for a long time. As for

deformations of food, Tokumoto et al. [2] have shown that

a proper combination of both elastic and viscous elements

can express the basic behavior of rheology objects. They

have also shown simulation results for confirming the validity

of the model. As for food handling robots, Li and Lee [3]

have developed a visually guided robotic system for handling

food. They have shown that the gripper grasps robustly non-

homogeneity food by visual information. Silsoe Research

Institute [4] has developed the robot hand capable of handling

for a food which has adhesion. The hand is composed of a pair

of gripping finger and a film like a kind of belt conveyor, can

release the adhesion object accurately. Sakamoto et al. [1] have

discussed a design approach for food handling robot based on

the Maxwell model. Also, as for handling soft objects other

than food, Taylor [5] have discussed the automatic handling

for shoes and garment. Hirai et al. [6] have discussed the

strategy for handling thin deformable objects such as sheets

metal or leather products. Wada et al. [7] have proposed

the control method for textile fabrics, where the position,
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Fig. 3. Two viscoelastic model for approximating a food.

posture, and deformation of an object can be controlled by

utilizing a vision sensor capable of detecting the position of

representative predetermined points on the object. Zheng et
al. [8] have discussed how to set up a flexible beam with

mounting holes in order to automatic assembly tasks.

3. DYNAMIC CHARACTERISTIC OF FOOD

3.1. General Concept

In general, it is well known that food has rheological

characteristics which can be well approximated by dynamic

models using elastic and viscous elements, as shown in Fig.3

[9]. While a Maxwell model as shown in Fig.3(a) is applied

to approximate characteristic of stress relaxation, each serial

viscoelastic unit has a different relaxation time constant. Our

former work [1] shows that it can nicely approximate the

relaxation curve, by utilizing the four-element Maxwell model

with two parallel units where each unit is a serial elastic

element and a viscous element, as shown in Fig.3(a). While

the same unit is utilized in parallel, it is often the case where

the estimated values have much different each other. It is

hard for us to find a clear physical reason. In this work, we

discuss food handling by using the Burger model as shown

in Fig.3(b). The Burger model is composed of one viscous

element c1 and one elastic element k1 and one unit which is

composed of one viscous element c2 and one elastic element

k2 respectively. We can consider that single viscous element c1

expresses the permanent plastic deformation, and the elastic

element expresses instantaneous deformation. Thus, we can

understand intuitively the physical meaning of each viscous

and elastic element. We would note that both the Burger and

the Maxwell models are equivalent each other when those

models have same number of viscous and elastic elements

[9].

Now, let us consider that an external force f acts on the

object as shown in Fig.3(b), where x，xi，and fi are the whole

deformation of the object, the deformation and the force where

the single elastic element(i = 1), the parallel viscoelastic

unit(i = 2), the single viscous element(i = 3), respectively. We

would note that we focus on the normal component of force.

By the relationship between the force and the displacement in
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each element, we can obtain the following equations:

f(t) = fi(t), (1)

x(t) =
3∑

i=1

xi(t), (2)

f1(t) = k1x1(t), (3)

f2(t) = k2x2(t) + c2ẋ2(t), (4)

f3(t) = c1ẋ3(t). (5)

By removing fi and xi from Eqs.(1)–(5), we can derive the

following equation:

b2ẍ(t) + b1ẋ(t) = a2f̈(t) + a1ḟ(t) + f(t), (6)

where

b2 � c1c2

k2
, (7)

b1 � c1, (8)

a2 � c1c2

k1k2
, (9)

a1 � c1k1 + c1k2 + c2k1

k1k2
. (10)

Equation (6) is the differential equation expressing the rela-

tionship between the external force applied to the object f and

the deformation x of the object.

3.2. How to Estimate Parameters of Norimaki based on the
Burger model

Suppose that an object is grasped by a hand with the

stiffness of kh, as shown in Fig.2. By letting xh be the

displacement of the base of hand, we obtain

x(t) = xh(t) − f(t)
kh

. (11)

From Eqs.(6) and (11), we can obtain

B2ẍh(t) + B1ẋh(t) = A2f̈(t) + A1ḟ(t) + f(t), (12)

where

B2 � c1c2

k2
, (13)

B1 � c1, (14)

A2 � c1c2(k1 + kh)
k1k2kh

, (15)

A1 � c1k1k2 + kh(k1c2 + k1c1 + k2c1)
k1k2kh

. (16)

We would now note that Eq.(12) is equivalent to the equation

of motion obtained by utilizing the Maxwell model [1], while

the parameter distribution for four elements k1, k2, c1, and

c2 are different between them. Based on Eq.(12), we can

compute the viscoelastic parameters ci and ki of Norimaki

from experimental results. Now, suppose that the hand makes

contact with the object. The contact force is zero at the initial

phase (t = 0, xh = 0). We give the commands for open and

close to the hand in the following procedure:
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Fig. 4. Experimental system.

1. Closing phase (0 ≤ t < tgrip
h ) : Close the hand until the

position of xh results in xgrip
h with the operating velocity

of vh(= ẋh), as shown in Fig.2(i).

2. Stationary phase (tgrip
h ≤ t < topen

h ) : Fix the hand at

xh = xgrip
h , as shown in Fig.2(ii).

3. Opening phase (topen
h ≤ t ≤ T ) : Open the hand until the

position of xh results in zero with the operating velocity

of vh, as shown in Fig.2(iii).

Fig.4 gives an overview of the experimental system, where

a dummy hand with two parallel grippers with the stiffness

of kh is utilized. One gripper is fixed on the base and the

other can be moved by a linear slider, so that they can realize

smooth opening and closing motions. The base displacement

of the gripper xh(t) is measured by an encoder integrated

in the motor for driving the slider. The normal component of

contact force at the contact point f(t) is measured by the strain

gauge attached to the gripper. By inserting the measured xh(t)
and f(t) into Eq.(12), we can compute A1, A2, B1, and B2.

In order to avoid a large error induced by differentiating the

noisy signal, instead of using Eq.(12), we transform Eq.(12)

to the following integration equation:

Mp = q, (17)

where

M �
[
−f , −

∫
fdt, xh,

∫
xhdt

]
, (18)

p � [A2, A1, B2, B1]
T , (19)

q �
∫∫

fdt2, (20)

f � [f(t1), f(t2), . . . , f(tn)]T , (21)

xh � [xh(t1), xh(t2), . . . , xh(tn)]T , (22)

f(ti) and xh(ti) are the contact force and the base displace-

ment of hand, respectively, at the sampling time ti (i =
1, 2, · · · , n). From Eq.(17), we can estimate p by the least

squares method as follows:

p = (MT M)−1MT q. (23)

After computing p by using experimental data, the viscoelastic

parameters ci and ki can be computed from Eqs.(13)–(16), as
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Fig. 5. The output of f(t) with respect to time.
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Fig. 6. The output of f(t) with respect to time under various xgrip
h .

follows:

k1 =
B2

A2
, (24)

k2 =
B1

2B2

A2B1
2 − A1B1B2 + B2

2 , (25)

c1 = B1, (26)

c2 =
B1B2

2

A2B1
2 − A1B1B2 + B2

2 . (27)

3.3. Results of Estimation

We adopt a popular Norimaki as an object for the exper-

iment, where the hand stiffness kh, the operating velocity

vh, the base displacement xgrip
h , the time for finishing the

closing motion is tgrip
h , and the time for starting the opening

motion is topen
h are 8500[N/m], 20[mm/s], 8[mm], 0.8[s], and

5.0[s], respectively. The continuous line in Fig.5 shows the

contact force between the hand and the object with respect

to time. From this line, we can see that: the contact force

increases in the closing phase (0 ≤ t < 0.8[s]), the contact

force relaxes in the stationary phase (0.8 ≤ t < 5.0[s]),
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Fig. 7. The simulation results under the change of parameter c1.
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Fig. 8. The simulation results under change of parameter c2.

and the contact force rapidly decreases in the opening phase

(5.0 ≤ t ≤ 5.5[s]). The viscoelastic parameters ci and ki

are estimated by using the contact force data in Fig.5, are

indicated as well in Fig.5. The dashed line in Fig.5 shows

the reproduced contact force computed by using Eqs.(12)–(16)

with the estimated parameters ki, ci and the hand position data

xh(t), respectively. We can see that the reproduced contact

force nicely matches with that obtained by the experiment,

where the degree of approximation is given by R2 = 0.99.

In order to obtain the average parameters of Norimaki, we

execute experiments for three different base displacements

x
grip
h = {4, 8, 12}[mm], and performed ten times estimations

for each displacement. In Fig.6, we show the average of

estimated viscoelastic parameters. The continuous line and the

dashed line in Fig.6 show one of the experimental contact

force and the reproduced contact force, respectively, for xgrip
h =

{4, 8, 12}[mm]. The average of parameters in Fig.6 are utilized

for the analysis in Section 4.

3.4. Parameter Sensitivity

Based on the experimental result as shown in Fig.5，where

we can see that viscous element c1 is extremely lager than c2,

let us examine the parameter sensitivity in the Burger model.

In order to examine how each viscous parameter effects on

the three handling phases, we compute the contact force when
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the viscous parameters c1 and c2 are changed. Fig.7 and Fig.8

show the computed contact forces, where the viscous elements

c1 and c2 are set by ten times or one over ten of the estimated

parameter, respectively. From Fig.7, we can see that under the

viscous parameter c1 with ten times more than the original

one, the force relaxation arises in only initial part of the

stationary phase, and the constant force is maintained. Under

the c1 with one over ten of the original one, the contact force

decreases drastically after the closing phase. Based on these

observations, the viscous element c1 influences on the contact

force in the stationary phase, and this parameter concerns with

keeping the grasp of the object while the hand lifts up the

object. From Fig.8, we can see that the viscous element c2 is

important to generate the contact force in the closing phase,

and this parameter is concerned with the initial increase of

force during the phase.

4. SIMULATION AND OPTIMUM DESIGN

In this section, we consider the optimum design, where we

regard both the hand stiffness kh and the operating velocity

vh as the design parameters of the hand.

4.1. Definition of Plastic Deformation and Total Working Time

For a given set of the base displacement of the hand in

the stationary phase xgrip
h and the operating velocity in the

closing phase vh, the time for finishing the closing phase tgrip
h

is determined as follows:

t
grip
h =

∣∣∣∣∣
xgrip

h

vh

∣∣∣∣∣ . (28)

On the other hand, the time for starting the opening phase topen
h

has to be determined according to the transporting time Tl.

Suppose that the transporting time Tl is given. For avoiding

that the hand drops the object, the following condition for

normal component of the contact force is required:

mgα ≤ 2μf, (29)

where m, g, μ, and α are the mass of object, the gravitational

acceleration, the friction coefficient between the hand and the

object, and the safety factor1, respectively. From Eq.(29), we

can express the limitation of contact force as follows:

f lim � mgα

2μ
. (30)

Suppose that in the closing and the opening phases, there are

unique times at which f(t) = f lim, as shown in Fig.2. Such

tlim1 and tlim2 are defined by the following conditions:

tlim1 � t|f=f lim (0 ≤ tlim1 ≤ tgrip
h ), (31)

tlim2 � t|f=f lim (topen
h ≤ tlim2 ≤ T ). (32)

1α ≥ 1 indicates how much larger the friction force is required to be than
the gravity force applied to the object. However, an excessively large α leads
to a large contact force, and as a result, to a large plastic deformation.
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Fig. 9. Flowchart for computing T and Xp.

To guarantee that the hand can support the object for the time

Tl of the transport of object, the following condition is further

required:

tlim2 − tlim1 ≥ Tl. (33)

To minimize the total working time T , let us consider the time

for starting the opening phase t
open
h so that it leads to

tlim2 − tlim1 = Tl. (34)

Under the above tgrip
h and topen

h , we define the total working

time T and the plastic deformation Xp as follows:

T � topen
h +

∣∣∣∣∣
xgrip

h

vmax
h

∣∣∣∣∣ , (35)

Xp � x(∞), (36)

where the hand opens with the maximum velocity vmax
h in the

opening phase, for simplicity.

4.2. Simulation and Optimum Design

We perform simulation based on the viscoelastic parameters

obtained by the experiments. For the hand motion in each

phase, the behavior of the object x(t) can be computed

by simulation based on Eqs.(11) and (12). Fig.9 shows the

flowchart for computing T and Xp. Instead of using Eq.(36),

the plastic deformation is computed by Xp = x(T + Tinf),
where Tinf is given large enough to ensure that the object

completes the recovering motion after being released. Table I

shows the parameters used for the simulation. Fig.10 shows

the simulation result of the total working time T and the

plastic deformation Xp under the variable parameters of the

hand stiffness kmin
h ≤ kh ≤ kmax

h and the operating velocity

vmin
h ≤ vh ≤ vmax

h . We would note that this simulation result

described by a curved surface is equivalent to that obtained
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by the Maxwell model [1]. Based on the simulation result, we

can solve the optimum design problem to minimize the plastic

deformation Xp as follows:

Minimize Xp

Subject to f lim ≤ f(t), tlim1 ≤ t ≤ tlim2 ,

tlim2 − tlim1 ≥ Tl,

T ≤ Tmax,

klim
h ≤ kh,

vmin
h ≤ vh ≤ vmax

h ,

kmin
h ≤ kh ≤ kmax

h ,

where klim
h , T max, and Xmax

p are the minimum hand stiffness,

the permissible total working time, and the permissible plastic

deformation, respectively. We compute the optimum operating

velocity v∗h and the optimum stiffness k∗
h to minimize the

plastic deformation Xp of food. When klim
h = 1000[N/m],

Tmax = 2.20[s], and Xmax
p = 1.2[mm] are given, the

minimum plastic deformation Xp obtained from Fig.10 is

Xp = 1.12[mm]（Point • indicated in Fig.10). In this case,

v∗h, k∗
h, and T are also obtained and given by v∗h = 20[mm/s],

k∗
h = 1000[N/m], and T = 2.17[s], respectively.

5. DISCUSSION

Now, let us focus on just the resultant plastic deformation

Xp. For the Burger model, the plastic deformation Xp depends

only upon the deformation of x3(t) for c1 during the contact

between the object and the hand, since the deformations of

x1 and x2 are completely recovered by the elastic elements of

k1 and k2 at the infinite time, respectively, as shown in Fig.3.

Therefore, from Eqs.(1) and (5), we can obtain Xp as follows:

Xp = x3(T ), (37)

=
1
c1

∫ T

0

f(t)dt. (38)

From Eq.(38), we can obtain Xp by computing for only the

total working time of hand T , instead of an infinite time as

shown in Eq.(36). This is a great advantage from the viewpoint

of the exact computation of Xp.

TABLE I

PARAMETERS FOR SIMULATION.

k1 single elastic parameter 280 [N/m]

k2 elastic parameter in the parallel unit 180 [N/m]

c1 single viscous parameter 1400 [Ns/m]

c2 viscous parameter in the parallel unit 62 [Ns/m]

Tl time for lifting object 2.0 [s]

m mass of object 0.045 [kg]

μ coefficient of friction 1.2

g acceleration due to gravity 9.8 [m/s2]

x
grip
h root displacement of hand 8.0 [mm]

vmin
h minimum speed of the hand 10 [mm/s]

vmax
h maximum speed of the hand 200 [mm/s]

kmin
h minimum stiffness of hand 500 [N/m]

kmax
h maximum stiffness of hand 5000 [N/m]

α safety factor 3

Tinf additional time for restoration of food 3.0 [s]

6. CONCLUSION

We discussed a design approach on robotic food handling

by considering the characteristics of viscoelasticity. The main

results in this paper are summarized as follows:

1) Based on the Burger model, we experimentally obtained

the viscoelastic parameters of Norimaki.

2) We showed an example of the optimum design, where

we determined the optimum combination of the hand

stiffness and the operating velocity of the hand to

minimize the plastic deformation.

3) We showed that the Burger model has an advantage from

the viewpoint of the exact plastic deformation of object.

REFERENCES

[1] N. Sakamoto, M. Higashimori, T. Tsuji, and M. Kaneko, “An Optimum
Design of Robotic Hand for Handling a Visco-elastic Object Based on
Maxwell Model,” Proc. of IEEE Int. Conf. on Robotics and Automation,
pp.1219–1225, 2007.

[2] S. Tokumoto, S. Hirai, and H. Tanaka, “Constructing Virtual Rheological
Objects,” Proc. of World Multiconference on Systemics, Cybernetics and
Infomatics, pp.106–111, 2001.

[3] Y. F. Li and M. H. Lee, “Applying Vision Guidance in Robotic Food
Handling,” IEEE Robotics & Automation Magazine, pp.4–12, 1996.

[4] “Gripping Apparatus with Two Fingers Covered by a Moveable Film,”
International Patent Application WO03011536.

[5] P. M. Taylor, “Sensory Robotics for the Handling of Limp Materials,”
Springer-Verlag, 1990.

[6] S. Hirai, H. Wakamatsu, and K. Iwata, “Modeling of Deformable Thin
Parts for Their Manipulation,” Proc. of IEEE Int. Conf. on Robotics and
Automation, pp.2955–2960, 1994.

[7] T. Wada, S. Hirai, H. Mori, and S. Kawamura, “Robust Manipulation
of Deformable Objects Using Model Based Technique,” H. H. Nagel
and F. J. Perales eds, First Int. Workshop on Articulated Motion and
Deformable Objects (AMDO 2000), Lecture Note in Computer Science,
no.1899, pp.1–14, Springr-Verlag, 2000.

[8] Y. F. Zheng, R. Pei, and C. Chen, “Strategies for Automatic Assembly
of Deformable Objects,” Proc. of IEEE Int. Conf. on Robotics and
Automation, pp.2598–2603, 1991.

[9] N. N. Mohsenin, “Physical Properties of Plant and Aanimal Materials,”
New York Gordon and Breach, 1970.

The 4th International Conference on Ubiquitous Robots and Ambient Intelligence (URAI 2007) 

368


	Main
	Information
	Table of contents
	Plenary Talks
	Plenary Talk I : Symbolic AI + Embodied AI = Dependable Robot Intelligence?
	Plenary Talk II : Visual SLAM in large environments
	Plenary Talk III : Maximal Information Systems
	Plenary Talk IV : Telehaptics - Principle, Design and Implementation
	Plenary Talk V : Mobiligence: Emergence of Adaptive Motor Function through Interaction among the Body, Brain and Environment
	Plenary Talk VI : Force and Visual Control for Physical Human-Robot Interaction

	Oral Session
	TS1: Dependable manipulation  
	TS1-1 Design of a Humanoids Specific Anthropomorphic Robot Hand by Imitating Human Finger’s Motion 
	TS1-2 Robot Skill Learning Strategy for Contact Task 
	TS1-3 Design of the Safe and Speedy Robot Arm with Variable Stiffness Joint 

	TS2: Mobile Robot & Application
	TS2-1 A User Study of a Mobile Robot Teleoperation 
	TS2-2 An approach for Modularization Design of Mobile Robot 
	TS2-3 Controller design of the propulsion system used in the autonomous vehicle 
	TS2-4 Inspection of Insulators on High Voltage Power Transmission Line 

	TS3: Trends in the North American Personal, Service and Mobile Robotics Market
	TS3-1 Trends in the North American Personal, Service and Mobile Robotics Market

	TS4: Humanoid & Application
	TS4-1 Adaptive Communication Selection for Multi-Robot Interaction 
	TS4-2 Structural Optimization of the Pelvis in a Humanoid Considering Dynamic Characteristics 
	TS4-3 Grasp Planning for Three-Fingered Robot Hands using Taxonomy-Based Preformed Grasps and Object Primitives 
	TS4-4 Inertial Sensor Alignment with Human Arm Orientation for Humanoid User Interface 

	TS5: Ambient Intelligence
	TS5-1 A Handheld Interface for mixed Multi-Agent Interaction 
	TS5-2 ARPEES: Adaptive Routing Protocol with Energy-Efficiency and Event-Clustering for Wireless Sensor Networks 
	TS5-3 Unified S/W Platform for Ubiquitous Robot, AnyRobot Studio 
	TS5-4 Mobile Haptic Interface for Large Immersive Virtual Environments: PoMHI v0.5 
	TS5-5 Modeling of Indoor Space and Environment Sensor 
	TS5-6 Context Aware Service Agents for Ubiquitous RobotsApplications 

	TS6: Navigation & Localization
	TS6-1 Sonar Feature Detection and Application to EKF Localization 
	TS6-2 A Simultaneous Localization And Mapping Algorithm for Topological Maps with Dynamics 
	TS6-3 Square Root Iterated Kalman Filter for Bearing-Only SLAM 
	TS6-4 Artificial Landmark Design and Recognition for Localization 
	TS6-5 Range Sensor Scan Matching for Localization and Map Building 

	TS7: Swarm & Robotics
	TS7-1 Neighbor-Referenced Formation Control for a Team of Mobile Robots 
	TS7-2 Kalman Filter based ZMP Estimation Scheme for Balance Control of a Biped Robot 
	TS7-3 Predicting the Size of Spring Network Swarm in Quadratic Potential Fields 

	TS8: Autonomous Vehicle
	TS8-1 Fault Diagnosis of Aircraft Engine Sensor Based on Sequential Probability Ratio Test and Kalman filter 
	TS8-2 A Shared Fate Approach to Improve UAV Pilot Performance and Minimize Accidents 
	TS8-3 Unmanned Aerial Vehicle Rotorcraft: Identifying Landing Zones in the Presence of Obscurants 
	TS8-4 Backward Parking Control of a Car with Passive Trailers 

	TS9: Bio-mimetic Mechanism
	TS9-1 A Development of Wall-Climbing Robot with Pneumatic System 
	TS9-2 Determination of Joint Angles for Fitting a Serpentine Robot to a Helical Backbone Curve 
	TS9-3 An Insect-Like Flapping-wing Device Actuated by a Compressed Unimorph Piezoelectric Composite 
	TS9-4 An Undulatory Locomotion Controller for Snake-like Robots Based on Adaptive Central Pattern Generators 

	TS10: Sensor & Actuator
	TS10-1 Robot Microphone Testing Criteria for Distant-Talking Robot Applications 
	TS10-2 A New Adjustable Actuator for Vehicle Engine 
	TS10-3 Fusion Method for Multi-sensor Dynamic Data 
	TS10-4 Personal Information Extraction Using A Microphone Array 

	TS11: Vision & Application
	TS11-1 Recognition of Moving Objects in Mobile Robot with an Omnidirectional Camera 
	TS11-2 Recognition of Objects with Legs Using  Vision-based Candidate Generation and Evaluation 
	TS11-3 Recognition of Human action in Dynamic image using  Entropy measurement based on Frequency of Motion region 

	TS12: Bio-Signal Processing
	TS12-1 Traffic Sign Recognition for Intelligent Vehicle/Driver Assistance System Using Neural Network on OpenCV 
	TS12-2 Design a Reject Output for Pattern Recognition Neural Network by Using a Dynamic Radial Basis Function Network 
	TS12-3 Improvement of Real-Time Object Tracking Performance of The ROBOKER Head by RBF Network Compensation 
	TS12-4 Pattern Recognition of Typical Grasping Operations Using a Wavelet Feature of EEG Signal 

	TS13: Design and Synthesis of Mechanical System
	TS13-1 Visualization of Cornea Dynamics 
	TS13-2 Scenario Analysis of Sustainability in Global Resource Circulation 
	TS13-3 Preliminary Study on Flexible Product Family Deployment by Optimal Anticipatory Design of Common Components 
	TS13-4 Development of Quasi-3D-Rehabilitation-System, “Hybrid PLEMO” 

	TS14: Industry Session I
	TS14-1 Advanced CMOS Image Sensor for Robot Eye 
	TS14-2 The Development Concepts and Business Model for Intelligent Service Robot 
	TS14-3 Development of the Humanoid Research Platform, URIA(Ubiquitous Robotics Information Assistant)

	TS15: Industry Session II
	TS15-1 Development of Ultrasonic Sensors with One-Side-Asymmetric Beam Directivity for  Mobile Robots 
	TS15-2 Improvement of iGS Positioning Sensor for Ubiquitous Robot Companion 
	TS15-3 EDS-EDRS(Exciting & Dynamic Robot control Simulation software)

	TS16: Towards New Trends of Robotics
	TS16-1 Collaborative Monitoring Using UFAM and Robot-2ndreport : Development of integrated management system- 
	TS16-2 Architecture of Navigation System Using CBD Method and UPnP Middleware 
	TS16-3 Basic Consideration on Robotic Food Handling by Using Burger Model 
	TS16-4 Robot Town Project: Sensory Data Management and Interaction with Robot of Intelligent Environment for Daily Life 
	TS16-5 Minimally Invasive Orthopedic Surgery System Based on Biologically Compatible Processes 

	TS17: Interactive Human-Space Design and Intelligence
	TS17-1 Intelligent Ambience-Robot Cooperation-Closing Door with Humanoid Robot- 
	TS17-2 Multiple Objects Localization in Intelligent Space - Utilizing User Hands Position Information from Position Server - 
	TS17-3 Information Recommendation Module for Human Robot Communication Support under TV Watching Situation 
	TS17-4 Evaluation of Mental Stress by Analyzing Accelerated Plethysmogram Applied Plethysmogram Applied Welfare Space based on 
	TS17-5 A common platform for Robot Services  through Robot Services Initiative(RSi) activities 
	TS17-6 Development of the Home Appliance Component using RTC-Lite 


	Poster Session
	PO-1 Development of Intelligent BioRobot Platform for  Integrated Clinical Test 
	PO-2 Development of Flexible Mobile Agents for BioRobot System  in the Clinical Laboratory 
	PO-3 Parameter Identification of Dynamic Systems using Hamiltonian Regressor 
	PO-4 Conflict Evaluation Method for Building Grid Maps with Sonar Sensors 
	PO-5 Active Resampling for Rao-Blackwellized Particle Filter 
	PO-6 Multivariate Fuzzy Decision Tree for Hand Motion Recognition 
	PO-7 A Map Merging Technique using the Fingerprint Matching Method in Multi-Robot FastSLAM 
	PO-8 A New Motion Planning Algorithm for a Biped Robot Using Kinematic Redundancy and ZMP Constraint Equation 
	PO-9 Example-based Spoken Dialog Processing for Guidance Robots 
	PO-10 Robust Localization for Mobile Robots in Dynamic Environment 
	PO-11 Real-time Simultaneous Localization and Mapping using Omnidirectional Vision 
	PO-12 Systematic Error Calibration of Mobile Robot using Home Positioning Function 
	PO-13 Expression-Invariant Face Recognition Using Tensor Based Image Transformation 
	PO-14 Development of Omnidirectional Human Detection System for Mobile Robot 
	PO-15 Realization of a Service Robot HSR-I for Environment Security 
	PO-16 Laser Scanner-based Navigation for Indoor Service Robot 
	PO-17 A Digitally Trimmable Continuous-Time Capacitive Readout ASIC for MEMS vibratory gyroscope for Robot Applications 
	PO-18 State Estimation with Delayed Observations Considering Uncertainty in Time 
	PO-19 Robust Data Association for the EKF-based SLAM 
	PO-20 Development of a scheduling algorithm for efficient tests on Bio Robot 
	PO-21 Navigation Strategy for the Robot in the Elevator Environment 
	PO-22 A High-Performance, Low-Cost INS for Autonomous Mobile Robots 
	PO-23 Robust Multidimensional Scaling for Multi-Robot Localization 
	PO-24 Detection of Moving Objects by Optical Flow Matching in Mobile Robots using an Omnidirectional Camera 
	PO-25 Probabilistic Grid Matching Method for Grid-Based SLAM Using Sonar Sensors 
	PO-26 Robust Control of Coordinated Motion for Underwater Vehicle-Manipulator System with Minimizing Restoring Moments 
	PO-27 Efficient Feature Tracking for Visual SLAM by Pairwise Constraints 
	PO-28 The Binary Recognition Algorithm Using Point Correlation Template 
	PO-29 Flexible Docking Mechanism with Error-Compensation Capability for Auto Recharging System 
	PO-30 Terrain Classification Using Texture Recognition for autonomous robot 
	PO-31 Efficient Area Coverage Method for a Mobile Robot in Indoor Environments 
	PO-32 The implementation of URC Robot Management Server 
	PO-33 Landing Platform for Experiment of Stable Humanoid Walking 
	PO-34 Redundancy-Based Navigation Algorithm for Swarm Robot Systems 
	PO-35 Gomy: The Baby Bear-like Robot for  Emotional Human-Robot Interaction  
	PO-36 KOBIE: A Pet-type Robot with Emotional Behaviors 
	PO-37 Multi-Arm Path Generation Method for Humanoid Robots 
	PO-38 Position Detection of KHST(Korean High Speed Train) using GPS System
	PO-39 Temperature Characteristics of Main Transformer for KHST using Sensors 
	PO-40 A Study on Propulsion System Characteristics of KHST(Korean High Speed Train) 
	PO-41 Traction System Characteristics of TTX(Tilting Train eXpress) Using Measurement System 
	PO-42 The Study of Tilting System Combination Test of EMU Tilting Train 
	PO-43 Robot Arm Tele-operation using Wearable Electronic Device 
	PO-44 A Study on Motor Temperature Characteristic of TTX(Tilting Train eXpress) 
	PO-45 Study on the URC robot simulation that used intelligent robot simulator 
	PO-46 Contact Stability Analysis and Coordinative Manipulation of a Dextrous Robotic Finger Mechanism 
	PO-47 Cosegmentation as a Generalized Correspondence Problem-A Motion Model Driven Approach 

	Search
	Help
	Exit


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Standard v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /!BM-dolhdip1
    /!BM-gaulr
    /!BM-joyakr
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AmericanGaramondBT-Roman
    /AmiR-HM
    /ArborWin
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Astro2KT
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /AvQest
    /BaskOldFace
    /Batang
    /BatangChe
    /BatangOldHangulJamo
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BlackChancery
    /BM-dolchulip1
    /BM-gaulr
    /BM-joyakr
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /Brush445BT-Regular
    /BrushScript
    /BrushScriptBT-Regular
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Condensed-Bold
    /Clarendon-Light
    /CliperSKana
    /Cmsy10
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolekana
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /CordiaNew
    /CordiaNew-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /Crayon
    /CurlzMT
    /DanzinRegular
    /DFKMincho-Bd-WIN-KSC-H
    /Dinbla
    /Dinbol
    /DinerRegular
    /DingDongBold
    /Dinlig
    /Dinmed
    /Dinreg
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /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
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /ExpoL-HM
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /Flora-Bold
    /Flora-BoldEx
    /Flora-BoldHo
    /Flora-BoldWd
    /Floralies
    /Flora-Normal
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Gaeul
    /GaramB-HM
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Medi
    /GauFontShirousagi
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GothicL-HM
    /GothicRoundB-HM
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GraphicSansR-HM
    /GTB
    /GTM
    /Gulim
    /GulimChe
    /GulimOldHangulJamo
    /Gungsuh
    /GungsuhChe
    /H2bulL
    /H2gprM
    /H2gsrB
    /H2gtrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2hsrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2mkrB
    /H2pirL
    /H2porL
    /H2porM
    /H2sa1B
    /H2sa1M
    /H2sa2L
    /H2snrB
    /H2ta1L
    /H2ta2M
    /H2wulE
    /H2wulL
    /H2yerM
    /H2ysrM
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadG
    /HeadlineR-HM
    /HeadlineSansR-HM
    /HeadR
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HGMinchoB
    /HGPMinchoB
    /HGSMinchoB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HMKBP
    /HMKBS
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYPop-Medium
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeatGul-Bold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /JasmineUPC
    /JasmineUPC-Bold
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KirillicaWincyr
    /KristenITC-Regular
    /KunstlerScript
    /KyunKo
    /KyunMyung
    /Latha
    /LatinWide
    /LCDReg
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /Love
    /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
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Marigold
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /Mdesb
    /MDGaesung
    /MDSol
    /Mfoxb
    /Mfoxl
    /Mfoxm
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /MJB
    /MJL
    /MJM
    /MMchonL
    /MMchonM
    /Modern-Regular
    /MoeumTR-HM
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MonotypeSorts
    /Mpaperb
    /Mpaperl
    /Mpaperm
    /Msam10
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /Munhem
    /MVBoli
    /MyungjoL-HM
    /MyungjoXB-HM
    /NamuB-HM
    /NamuR-HM
    /Narkisim
    /Nekoyanagi
    /NemoB
    /NemoL
    /NemoM
    /NemoXB
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OriginalGaramondBT-Roman
    /Oxford
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /QDotum
    /QGulim
    /QGungsuh
    /Raavi
    /RageItalic
    /Ravie
    /Retort
    /RetortOutline
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /SaenaegiR-HM
    /SaenaegiXB-HM
    /SAKURAhira
    /San02B
    /San02L
    /San02M
    /San60B
    /San60L
    /San60M
    /San60R
    /San60SB
    /SanBiB
    /SanBiL
    /SanBiM
    /SanBoB
    /SanBoL
    /SanBoM
    /SanBsB
    /SanBsL
    /SanBsU
    /SanCrB
    /SanCrK
    /SanCrL
    /SandArB
    /SandArL
    /SandArM
    /SandArXB
    /SandAtM
    /SandAtXB
    /SandJg
    /SandKg
    /SandKm
    /SandMtB
    /SandMtL
    /SandMtM
    /SandSaB
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgM
    /SanKbB
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanMogfilB
    /SanMogfilL
    /SanMogfilM
    /SanMrB
    /SanMrJ
    /SanMrM
    /SanPkB
    /SanPkL
    /SanPkM
    /SanPuB
    /SanPuW
    /SanSrB
    /SanSrL
    /SanSrM
    /SanSwL
    /ScriptMTBold
    /SegoeMediaCenter-Regular
    /SegoeMediaCenter-Semibold
    /SeUtum
    /SgreekMedium
    /Shadow9
    /SHeadG
    /SHeadR
    /ShowcardGothic-Reg
    /Shruti
    /Shusha
    /Shusha02
    /Shusha05
    /SILDoulosIPA
    /SILDoulosIPA93Bold
    /SILDoulosIPA93BoldItalic
    /SILDoulosIPA93Italic
    /SILDoulosIPA93Regular
    /SILManuscriptIPA
    /SILManuscriptIPA93Bold
    /SILManuscriptIPA93BoldItalic
    /SILManuscriptIPA93Italic
    /SILManuscriptIPA93Regular
    /SILSophiaIPA
    /SILSophiaIPA93Bold
    /SILSophiaIPA93BoldItalic
    /SILSophiaIPA93Italic
    /SILSophiaIPA93Regular
    /SimHei
    /SimSun
    /SinGraphic
    /SinMun
    /SnapITC-Regular
    /SohaR-HM
    /Sol
    /SPgoJ1-KSCpc-EUC-H
    /SPgoJ-KSCpc-EUC-H
    /SPgoJS-KSCpc-EUC-H
    /SPgoT-KSCpc-EUC-H
    /SPmuS-KSCpc-EUC-H
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /Sylfaen
    /Symbol
    /SymbolMT
    /TaeKo
    /TaeM
    /TaeUtum
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TahomaSmallCap-Bold
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldTh
    /TimesIPAnew
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Tiplo
    /ToodamB
    /ToodamL
    /ToodamM
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSTNamr
    /TSTPenC
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypewriteB
    /TypewriteL
    /TypewriteM
    /Univers
    /Univers-BlackExt
    /Univers-Black-Normal
    /Univers-BoldExt
    /UniversCondensedLight
    /UniversCondensedOblique
    /Univers-Light-Italic
    /Univers-Light-Light
    /Univers-Light-LightTh
    /Univers-Light-Normal
    /Univers-Medium
    /Univers-Oblique
    /Uri
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WoorinR-HM
    /WP-CyrillicA
    /WP-GreekCentury
    /WP-MultinationalARoman
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIBlueB
    /YDIBlueEB
    /YDIBlueL
    /YDIBlueM
    /YDIChungM
    /YDICMjoL
    /YDICMjoM
    /YDICstreB
    /YDICstreL
    /YDICstreM
    /YDICstreUL
    /YDIFadeB
    /YDIFadeL
    /YDIFadeM
    /YDIGasiIIB
    /YDIGasiIIL
    /YDIGasiIIM
    /YDIGirlB
    /YDIGirlL
    /YDIGirlM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHSalM
    /YDIHsangIIB
    /YDIHsangIIL
    /YDIHsangIIM
    /YDIMokB
    /YDIMokL
    /YDIPinoB
    /YDIPinoL
    /YDIPinoM
    /YDIPu
    /YDISmileB
    /YDISmileL
    /YDISmileM
    /YDISprIIB
    /YDISprIIL
    /YDISprIIM
    /YDISumB
    /YDISumL
    /YDISumM
    /YDIWebBatan
    /YDIWebDotum
    /YDIWriSin
    /YDIYGO310
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO310
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDIYSin
    /YetR-HM
    /YjBACDOOBold
    /YJBELLAMedium
    /YJBLOCKMedium
    /YJBONMOKGAKMedium
    /YjBUTGOTLight
    /YjCHMSOOTBold
    /YjDOOLGIMedium
    /YjDWMMOOGJOMedium
    /YjGABIBold
    /YjGOTGAEMedium
    /YjINITIALPOSITIVEMedium
    /YJINJANGMedium
    /YjMAEHWASemiBold
    /YjNANCHOMedium
    /YjSHANALLMedium
    /YjSOSELSemiBold
    /YjTEUNTEUNBold
    /YjWADAGMedium
    /YonseiB
    /YonseiL
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


