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Chain Exchange Reactions of Disulfide Linkages toward Facilely Reprocessable Cross-Linked Polymers
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Post-translational Isoprenylation of a Tryptophan Residue
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A Study on Adaptive Motion Control of the Social Guide Robot

Bin ZHANG"

1. Introduction

Human-robot interaction has currently become one of the fastest
growing research fields. In recent years, the development of service
robots has played an important role in human-centered robotics. At
present, service robots are used in offices, restaurants, hospitals, and
homes[1-5]. An important function of service robots used in different
fields is guiding users from one place to another[6]. With the types of
services provided by such robots increasing, ensuring service quality
becomes increasingly important. Users expect the guide robot to be more
sociable. However, few researchers are working on how to make the robot
more sociable to improve the quality of guiding service. The guide robot
cannot expect that the users will always follow it or maintain a fixed
distance from it; instead, it needs to adapt to user activities and always
accompany with them during the guiding process. Conventional
researches focused on realizing one or more of these by changing the
motion states of the robot case by case. In the work of Mizobuchi Y. et al.
[7], the robot adjusts its speed to match that of the users by maintaining
the relative distance, which can be updated by the voice feedback of the
users’ impressions. In the work of Fleury S. et a/[8], the robot, guiding the
users based on a stop-and-wait model, has been proved to be not socially
appreciated. In the work of M. Shiomi et al[9], the robot moves
backwards sometimes to maintain the guiding relationship. In the work of
Oyama T. et al.[10], the museum guide robot stops and talks with the
users leaving the guide tour. In the work of Pandey A.K. et al.[11], the
two situations of non-leave-taking human activities and leave-taking
human activities are well discussed, and the rules related to robot motion
are designed to meet each condition. The authors successfully presented a
way for guiding users in a socially acceptable way. However, the number
of rules of this case-by-case method may diverge fast when the
environment becomes more complex. As far as we know, no researcher
has proposed a general framework by which all these adaptive motions of
an autonomous mobile robot can be generated at the same time.

In this paper, a framework is designed to control the robot to move

adaptively in a socially acceptable way. We firstly considered to improve

B PR
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the guiding quality by accompanying the users with adaptive motion
control, using a single general framework instead of multiple case-by-case
rules. With our framework, the adaptive motions are formed automatically
and all the above-mentioned 4 functions for a sociable guide robot can be
realized. We propose to generate a special artificial potential field for the
users and integrate it with other basic potential fields[12] generated by
considering the goal that the users want to reach, as well as the
pedestrians and obstacles in the environment. In the work of Nakazawa K.
et al.[12] only considered the effects from the goal and obstacles.
Different from it, our method also considered the status of the users to
influence the motion of the robot. By considering the situations of the
users in this way, our framework can control the robot in such a way as to
adapt to the users' activities and the users can move without any
restrictions. Unlike the work of Pandey A.K. et al.[l11], the adaptive
motions used in our proposed framework to achieve ‘sociable guidance’
are naturally and automatically formed. The effectiveness of our
framework is demonstrated by simulations, and we showed successfully
that the users are guided to their destination in a sociable way by the robot
in the experiments. Our aim is to design a general framework that
supports adaptive motions of sociable guide robots to improve the quality

of guiding services.

2. Framework for Adaptive Motion Control of Sociable Guide Robot

To guide the users in a social way, the robot cannot require the users
to be cooperative. On the contrary, it should adjust its motion to adapt to
suit the requirement of the users and support their activities. The adaptive
motion control of the robot is based on the artificial potential field method
[13]. The attractive and repulsive forces from the environments are
generated as virtual artificial potential fields, and the motion of the robot
is controlled by the gradient of the potentials. The robot moves towards
the position with a lower potential. Basically, an attractive force is
generated from the goal to make the robot move towards it and a repulsive
force is generated from obstacles around the robot to prevent collision. In
this paper, in order to make sure the robot can move adaptively in a social
way, we propose to generate an adaptive potential field for the users and
integrate it with the basic potentials from goal and obstacles to control the

robot.
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Fig. 2. An example of guiding a user to the destination.
2.1 Generation of Artificial Potential Fields We generate
an attractive potential field from the goal and repulsive potential fields
from the objects around the robot. Besides, the special potential field
generated for the users group may show an attractive effect or a repulsive
effect depending on the relative distance relationship between the robot
and users.
(a) Attractive Potential Field
As the robot needs to move towards to the goal, we need to set an
attractive potential from it. However, if we only generate an attractive
potential field from the fixed final goal, the dead-lock situations will
frequently occur, making it difficult to integrate this field with other
potential fields. Therefore, we first calculate the shortest path for the
robot, and generate a series of subgoals. The attractive force field is then
generated from the current subgoal. In the environment shown in Fig. 1
(a), for example, the robot starts from point S and needs to move to the
goal (point G). In order to generate a path for the robot, we first set points
at equal intervals on the passable area of the map, and only permit the

robot to move from one point to a nearby point. The path is then generated

27

by a series of contiguous points. Here, we use Dijkstra's algorithm [14] to
calculate the shortest path for the robot. The path is updated online to deal

with the change in the environment. A series of subgoals are then chosen

from these points, taking an interval more than the threshold (  , as

th’
shown in Fig. 1 (b). The current attractive force field is then generated

from the current subgoal. The attractive force Fag from the subgoal is

set as

Here, kag is the attraction coefficient for the goal, and dg is the

distance from the subgoal to the robot. The attractive potential Pa‘g

generated is given by

PR g @)

ag 2 4

(b) Repulsive Potential Field
In order to prevent the robot from colliding with obstacles and
pedestrians, including the users, we need to set repulsive potential for

them. The repulsive force from each point of the objects is set as

P :LZ,
(dr_d())

is the repulsion coefficient for the objects, o,

if d >dy; F =ow,else 3

Here, k. is the

distance from the object to the robot, and ¢/ 0 is the minimum distance to

be traveled by the robot to reach the object. The repulsive potential P
generated is given by

P :L,lf dr >d0; P =oo,else (C)
d, —d,

The repulsive force is set like this because of its property. In our model,
the repulsive force is from the obstacles. It works for preventing collisions.
Normally, when the robot leaves far from the obstacles, we hope they
almost do not influence the motion of the robot, but when the robot gets
close to the obstacles, their influences should be big enough to prevent the
robot from collisions with the obstacles. Equation (3) makes sure the
property of the closer, the bigger, and the greater changing speed.

(c) Proposed Special Potential Field from the Users Group

We treat the users as a group and propose to generate special potential
fields from them, and their effect may be attractive or repulsive according
to the relative distance between the users group and the robot. In order to
make the robot adapt to the motions of the users, we generate an attractive
effect for the users group. However, this attractive potential does not start

from the user group, but starts from a point in front of the users group that

is at a fixed distance of ¢ B with the users’ group in the robot’s direction.

Here, dY can be considered as the social distance, which is the best

relative distance to maintain the guiding interaction. The attractive force
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F,, from the users' group is set as

Foo=kyy x(d, —d,) e (5)

Here, k is the attraction coefficient for the users' group, and ¢ is
au u

the distance from the users' group to the robot. The attractive potential

Pau generated is given by

P, == x(d, _du)l .................................... (6)
2.2 Sociable Guide Robot Controlled by Integrated Potential

Fields  We integrate all the generated potentials to control the robot.
The proposed adaptive potential field from the users group makes the
robot guide people more sociable. Note that the attractive force from the
users’ group may have an attractive effect or repulsive effect from the

viewpoint of the robot. When the distance between the robot and the

users' group du is smaller than ds (social distance, the most

comfortable relative distance that we can set in advance), the users are
getting closer to the robot, and the influence of the users' group will be the
same as that of the subgoal to force the robot to move on faster. Moreover,
the closer the users move to the robot, the influence is bigger. Naturally,

the robot will move faster to maintain the best social distance. On the

other hand, when the relative distance du is bigger than social distance

dY , the users are moving away from the robot, and the influence of the

users' group will be opposite to that of the subgoal. The robot will move
slower. For example, in the case of the scene shown in Fig. 2 (a), the robot
tries to guide the user to the goal by the calculated shortest path, and the
user is following the robot. The integrated potential field is shown in Fig.
2 (b). The robot will move towards the position with the lowest potential,
and hence, towards the subgoal. When the potential from the users group
is stronger than that generated from the subgoal, with the users group
moving further away, the robot will naturally move towards the users
group. From the result of the motion, we can see that the robot had
changed to the follow mode. Only when the users get closer to the robot
again and the attractive effect from the subgoal becomes stronger, the
robot will move towards the subgoal. The robot judges that the users
group has returned in this way, and restarts the guide mode. During the
whole guiding process, the shortest path is updated online so that the
subgoal is updated online, even if the robot is under follow mode. With
the influence from the real time updated subgoal, the robot stays in the
best position for returning back to the guide mode when following the
user. In this way, we ensure the robot guides the users in the shortest way.
Notice that these speed adjustments and motion mode changes are carried
out naturally by the generated adaptive potential from the users group,
rather than simply being defined by some if-then strategies for the robot.
In this way, the robot can (1) adjust its speed to meet the users' intent, and

(2) alternate between the follow and guide modes automatically to

maintain the guiding relationship. Even if the robot is in the follow mode,
the shortest path is updated online, and the subgoal is also updated. The
robot will not only follow the users, but also stay in the best position for
returning to the guide mode. Whenever the users want to restart the
original task, the robot will navigate in the direction of the goal. In this
way, the robot can (3) prepare for returning to the guiding task from the
best position, so that the robot (4) takes the users to the destination by the
shortest path. These 4 functions are all realized by our framework instead

of setting many motion rules case-by-case.

3. Simulation

The purpose of our proposed framework is to guide the users from
their current position to a desired place, whether the users are cooperative
or not, in a socially acceptable way. In the simulation work, we controlled
the motion of a user to be guided by using a game pad and observed
whether the robot can provide social guiding services under different
kinds of situations. There were almost no restrictions to the user and he
could move at will. We simulated an indoor scene with two rooms and a
corridor, as shown in Fig. 2 (a), in which one pixel instead of 35mm in the
real world. The robot can be seen as a point in the image. In the

simulation work, we also considered the influence of friction and air

resistance. The resultant force qul of the robot is given by

t

L T 7)
F._.=F +F+F —— (k. v’ +um (
result ag r au ‘ V+0001 |( air g)
Here, km_r is the air resistance coefficient, v is the speed of the

robot, u is frictional coefficient, and g is acceleration of gravity. The

values of the variables are shown in Table.1. The values of kair,u,m are

deiced by the real properties of the robot. ¢ ,d, is decided by human

social distance and minimum distance to stop before collision with its
maximum deceleration. The attractive force from subgoal should be

bigger or at least equal to the sum of air resistance and friction when we

ignore the influence from the users so that we can calculate kag , and we

make kau as the same value with kag to make sure the force from the
users has the same changing rate with the attractive force from the
subgoal. kr is decided by making sure the robot is not influenced by

obstacles much when it is far away from them and the robot can reach the

maximum deceleration when it gets close to the obstacles.

Table 1. The values of coefficients in simulation.
k,=0.2 k =k, =2 k=0.24 d,=0.3m
dv:1.2m g=10m/sz 1=0.01 m =2kg

3.1 Guiding an uncooperative user The task is set as guiding a

user from the start point to the goal by getting him out of a room and



passing through the corridor, as shown in Fig. 2 (a). The user took
different kinds of uncooperative motions during the process and we
checked the reactions of the robot to observe whether the robot can
provide sociable guiding services. Fig. 3 shows the motion trajectories of
the user and the robot. We took 8 snapshot points to study the reactions of
the robot. The integrated potentials and the resultant forces on the robot
are shown in Fig. 4. The color changes from blue to red with the potential
changes from low to high, and the red points with blue lines show the
positions and speeds of the robot. The robot moves in the directions of the
blue lines and the length of the blue lines show the magnitude of the
resultant forces. The changing tendencies of the robot’s speed
(pixel/frame) and the relative distance (pixel) between the robot and the
user are shown in Fig. 5.

(a) Speed Adjusting Test

The user followed the robot first for a while (Fig. 3 (a)), suddenly
accelerated once (A in Fig. 3 (a)), and suddenly stopped going forward

once (B in Fig. 3 (a)). As we expected, the robot also accelerated (A in Fig.

5 (a)) when the user came closer to the robot (A in Fig. 5 (b)), as the
resultant force on the robot increased (A in Fig. 4). The robot slowed
down (B in Fig. 5 (a)) when the user suddenly stopped going forward and
the relative distance was greater than the social distance (B in Fig. 5 (b)),
as the resultant forces on the robot decreased. We observe that the robot
adjusted its speed to match that of the user properly.

(b) Relationship Maintaining Test

The robot then tried to leave the original path and move backward (Fig.
3 (b)), during which process the user maintained his speed (C in Fig. 3
(b)) and stopped once (D in Fig. 3 (b)). The robot changed its direction of
motion (P in Fig. 5 (a)) to follow the user. It accelerated first in the user’s
direction (C in Fig. 5 (a)). When the user went backward, the relative
distance increased (C in Fig. 5 (b)), as the resultant force on the robot
changed to the user’s direction and increased further (C in Fig. 4). The
robot also stopped (D in Fig. 5 (a)) when the user stopped and their
relative distance decreased to social distance (D in Fig. 5 (b)), as the
resultant force on the robot was almost zero (D in Fig. 4). After a while,
the user returned to the guiding process and followed the robot again (Fig.
3 (¢)), and the robot changed back to the guiding mode at point Q in Fig. 5
(a). We observe that the robot automatically formed guide and follow
modes and switched between them to accompany the user. Overviewing
the entire changing tendency of the robot’s speed in Fig. 5 (a) and the
relative distance in Fig. 5 (b), we find that the robot tried to follow the
user’s moving pace and maintain the guiding relationship by maintaining
their social distance, even if the user tried to leave the original path.

(c) Speed Adjusting Test2

The user then moved at a stable speed as he wished to follow the robot
(E in Fig. 3 (c)), and stopped suddenly (F in Fig. 3 (c)). The robot also
accelerated to adapt to the user’s speed (E in Fig. 5 (a)) when the user was
getting closer (E in Fig. 5 (b)) and the resultant force on the robot
increased in the subgoal direction (E in Fig. 4). The robot also stopped to
wait for the user (F in Fig. 5 (a)) when their relative distance increased

and equaled the social distance (F in Fig. 5 (b)) and the resultant force on
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the robot reduced to almost zerlo (F in Fig. 4). After that, the user changed
his speed twice to observe the reaction of the robot (G, H in Fig. 3 (c)).
The robot reacted correctly as it accelerated (G, H in Fig. 5 (a)) when the
relative distance decreased (G, H in Fig. 5 (b)). These accelerations were
caused by the changes in the integrated potential and the resultant force
on the robot (G, H in Fig. 4). Again we observe that the robot adjusted its

speed to match that of the user properly.
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Fig. 3. Motion trajectories of the user (light blue) and the robot

(red) and snapshot points (point A~H).
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3.2  Guiding a user who drops by at many places = We simulated
another scene where the user dropped by multiple places while the robot

followed him. Figure 6 shows the adaptive motions of the robot.

(1) Motion trajectories of the user {light blue) and the rebot (red).

[2) Generated shortest path {green) and subgoals {blue).

: (b) (d)
m m

(3) Integrated potentials and resultant forces (blue lines) on the
robot (red point).

Fig. 6. Adaptive motions for guiding an uncooperative user.
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Fig. 7. Guiding path by using conventional method.
(d) Preparation for Restarting Guiding Task Test

The user first followed the robot for a while (Fig. 6 (1) - (a)), and
suddenly went backward and moved around in the room (Fig. 6 (1) - (b)).
After that, the user went back to the guiding task and followed the robot
to the goal (Fig. 6 (1) - (c), (d)). Figure 6 (2) shows how the robot updated
the path for each frame, even in the follow mode. The integrated potential
fields are influenced by the position of the user, objects in the
environment, and the current subgoal. As the path is updated online, the
subgoal is also updated, ensuring that the robot stays in the best position
for returning back to the guide mode when following the user. The

integrated potential is shown in Fig. 6 (3), and the motion of the robot is

controlled by the resultant force. From the motion trajectory in Fig. 6 (1),
we find that the robot was not only following the user when he dropped by
some places, but also prepared for returning back to the guiding task, as
its trajectory is almost a straight line, different from the users trajectory
(shown in Fig. 6 (1) - (b)). Thus, whenever the user wants to come back,
the robot stands by in the goal direction. The generated paths are the
shortest in the environment, and the robot tries to return in the shortest
path. These two strategies make sure the user is guided to the destination
in the shortest path.

We compared the results with a conventional method [12] in which the
robot tried to keep a constant distance with the user by only considering
the effect from the user and obstacles in the follow mode. Figure 7 shows
the motions of the robot by using this conventional method. The task was
same and the user took same motions. After following the robot for a
while (Fig. 7- (a)), the user suddenly went backward and moved around in
the room (Fig. 7 - (b)). After that, the user went back to the guiding task
and followed the robot to the goal (Fig. 7 - (¢), (d)). The pink line in Fig.7
shows the motion of the robot. We can observe in Fig.7 (b) and (c) that the
robot followed the user to move around in the room in the follow mode,
and the user needed to wait for the robot adjusting its motion to the
guiding path when he/she moved close to the robot. We repeated the same
experiment for 50 times and the average path length of the proposed
method is 62 pixels (2.17m) less than the conventional method with the
standard deviation of 6 pixels (0.21m). Kinds of similar tasks have also
been carried out, in which the uncooperative user left the original path
many times in different ways. All the results showed that the path lengths
generated by our proposed method were shorter, and the differences
became more apparent if the user moved more uncooperatively. We
proved that the proposed method can make the robot guide the user to the
destination by the shortest path.

From the results, we observe that the robot well accompanied the users
while guiding them to the destination. The adaptive motions are
automatically generated by our proposed framework. From the tests, we
observe that the robot will (1) adjust its speed to match that of the user;
(2) maintain their relationship by maintaining the social distance with the
users; (3) prepare to restart the guiding task during the follow mode; and

(4) take the users to their destination by the shortest path.

4. Experiments
We confirmed the efficiency of our framework through different
guiding tasks, using the robot shown in Fig. 8. The mobile platform
PIONEER3-DX manufactured by MobileRobots is used. We set a
forward-looking laser range finder (LRF) at the height of 32 c¢m, and a
backward Kinect sensor at the height of 100 cm on the robot. The motion

of the robot is controlled by integrated potentials, and we set a threshold

Eh for the resultant forece to prevent overreaction. F;h has the same

function with friction to keep the robot more stable. The resultant force
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As we can directly control the speed of the wheels for the real robot,

we need to calculate the speed of the robot by

v =v, +F

result

Here, Veur is the current speed of the robot. The values of the

variables are shown in Table.2. Most of these variables are set by referring
the values in the simulation part (shown in Table.1).

We conducted the experiments in an indoor environment as shown in
Fig. 1 (a). Any position in the map can be chosen as the starting point or
the goal, and we take the task of guiding the users from point S to point G

as an example to show the results.

Table 2. The values of coefficients for real robot.
k, =02 k. =k, =2 k,,=0.24 d,=0.3m
d =12m m =2kg F, =234
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Fig. 8. The view of the guide robot.
4.1 Guiding a user to the destination We guided a user to

the destination without restraining him; we only informed him that he
would be guided by the robot to a place.

(a) Speed Adjusting Test

Most of the users were cooperative and the robot took them to the
destination smoothly. In the beginning of the task the users were close to
the robot, and they decided the timing to start moving by themselves. The
users started to move with the average relative distance of 1.2m, which
also proved that our social distance is set properly. Different people would
like to move in different speeds, and some users might also change their
speeds during a guiding task. Our robot adaptively adjusted its speed to
meet the need of each user. The robot almost maintained the social
distance no matter how fast the user moved. We observed that the robot
adjusted its speed to match that of the user properly.

(b) Relationship Maintaining Test

We selected some uncooperative users who made the situations more
complex and studied the adaptive motion of the robot in detail to show the
efficiency of our framework. One guiding process is shown in Fig. 9, and

the robot trajectory is shown in Fig. 10. The user was normally guided by
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the robot (Fig. 9 (a)), but he suddenly stopped (Fig. 9 (b)). Then he moved
to a different direction as he was interested in the posters on the wall (Fig.
9 (c)). After reading the posters (Fig. 9 (d)), the user returned to the
guiding task (Fig. 9 (e)) and followed the robot to the destination (Fig. 9
(f)). The robot first guided the user from point A to B (Fig. 10 (a))
normally. Then the robot slowed down and stopped when the user stopped.
After that, the robot changed its direction to follow the user (point B to C
in Fig. 10 (b)) as the user started moving backward. After the user came
back to the robot, the robot changed its direction again, and guided the
user to the destination smoothly (point C to D in Fig. 10 (c)). We observed
that the robot automatically formed guide and follow modes and switched
between them to accompany the user. The robot tried to follow the user’s
moving pace and maintain the guiding relationship by maintaining their

social distance, even if the user tried to leave the original path.
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Fig. 9. Scenes when the robot guided an uncooperative user who
walked backward.

trajectory

[ robot

— robot speed

{a) Guiding the user from Atc B

{b) Following the user from B to C

(c) Guiding the user from Cto D

Fig. 10. Motion trajectories of the robot when guiding an

uncooperative user who walked backward.



32

I b all
| A

{
1

5

Y

n
i
|

.
3

L}
i-r'

| L S Ny
| R } | |
4 4@ - B | 3}
.. aw
I e [ Y 4
| S .
| & -
= =
1G} H=) 1}
Fig. 11. Scenes when the robot guided an uncooperative user who

walked around the room.
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uncooperative user who walked around the room.

(c) Preparation for Restarting Guiding Task Test
Another guiding process is shown in Fig. 11, and the robot trajectory is

shown in Fig. 12. The user is normally guided by the robot first (Fig. 11

(a)). Then he moved back and walked around in the room (Fig. 11 (b)-(d)).

After some time, the user returned to the guiding task (Fig. 11 (e), (f)) and
followed the robot to the destination. The robot first guided the user from
point A to B (Fig.12 (a)) normally. Then the robot changed its motion to
follow the user (point B to C in Fig. 12 (b)) as the user started moving
backward and walked around in the room. Notice that in the follow mode,
the robot almost moved in a straight line, although the user walked around
and dropped by multiple places in the room. The robot did not just follow
the user, but also always stayed in the subgoal direction during the follow
mode, ready to restart the guiding task (Fig. 11 (b)-(d)) from the place that
takes the least cost to go to the original goal. These adaptive motions
make sure that the robot guided the user in the shortest path. After the user
came back to the robot, the robot changed its direction of motion again,
and guided the user to the destination smoothly (point C to D in Fig. 12
(c)). We observed that the robot prepared to restart the guiding task during

the follow mode by always standing in the direction of goal, and the robot

took the users to their destination by the shortest path by updating its path
online.

The results of the experiments matched well with the simulation results,
proving that our framework works for providing socially acceptable
services.

4.2 Guiding a users' group to the destination To show that
our framework is also effective when guiding a group of people, We made
the robot guide different groups of users to the destination without any
restrictions placed on them. These user groups tended to be more
cooperative as they usually took care of each other. The robot treats the
users as a group, whose center is the mean position of all the users. The
integrated potential field is influenced by the center of the users’ group.
An example of the guiding scene is shown in Fig. 13, which shows that
the user group moves at a stable speed to take care of each other, and the
robot moving at a similar speed in the front guided them. The robot
trajectory is shown in Fig. 14, and it shows the robot successfully moved
to the goal point. As shown in the example, our robot smoothly guided
multiple user groups to the destination, and its motion speed automatically
adjusted to a speed comparable to that of the user group. Actually, when
guiding multiple users, the robot treats them as a group, and the integrated
potential field is similar to the potential field generated in a one-user
situation. The center of the group is calculated from all tracked users.
However, when a few users tend to be uncooperative and try to leave the
group, the mean position will be affected by the persons who leave, and
the robot will adjust its motion accordingly, considering the two
subgroups (one big and one small). As most of the users keep moving
forward, the robot will react as if prefers to stay with the big subgroup. As
time goes on, the users who left will get out of the view of the Kinect
sensor and be deleted from the user group. The robot will guide the big
subgroup to the destination. When the users who leave appear in the view
again, they will influence the center of the group, and the robot will adjust

its motion to include all detected users.

Fig. 13. Scenes when the robot guided a cooperative users’ group.

Fig. 14. Motion trajectories of the robot when guiding a

cooperative users’ group.



5. Conclusion

In this paper, we proposed a general framework of adaptively
controlling the motion of a guide robot for accompanying and
providing sociable services to the users. We proposed to add a
special potential field for the users and integrated it with other
basic potential fields to control the robot. Instead of being defined
by multiple rules of motion, adaptive robot motions are generated
naturally and automatically by our framework. The robot can
adjust its speed to meet the intent of the users and alternate
between the guide and follow modes to maintain the guiding
relationship. Under the follow mode, the robot will always
prepare for changing back to the guide mode by staying at the best
position in the subgoal direction. Moreover, the shortest path is
updated online to make sure the users are guided along the
shortest path. By comparing the simulation and experimental
results, we confirmed the usefulness of our framework.

On the other hand, usefulness needs to be further inspected as
our experiments were held in a building floor, and the number of
the users was limited. Future work will focus on applying and
verifying our framework for guiding tasks in public places like
museums or exhibition halls, where the environment is more
complex and many kinds of tours with different numbers of
people need to be guided in a sociable way. Robust recognition
and tracking of particular users under a crowded environment will
be also needed, although they are beyond the scope of this paper.
Besides, this paper only talked about providing sociable guiding
services in the view of adaptive motion to make sure that the
guide robot can always accompany with the users. Other
interactions such as show the path on a monitor, sound guiding
services and postures guiding services by a humanoid robot can

also be considered to add to our robot.
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Design of UAV-Embedded Microphone Array System for Sound Source Localization in

Outdoor Environments

Kotaro Hoshiba*

Abstract

In search and rescue activities, unmanned aerial vehicles (UAV) should
exploit sound information to compensate for poor visual information.
This paper describes the design and implementation of a UAV-embedded
microphone array system for sound source localization in outdoor envi-
ronments. Four critical development problems included water-resistance
of the microphone array, efficiency in assembling, reliability of wireless
communication, and sufficiency of visualization tools for operators. To
solve these problems, we developed a spherical microphone array system
(SMAS) consisting of a microphone array, a stable wireless network com-
munication system, and intuitive visualization tools. The performance of
SMAS was evaluated with simulated data and a demonstration in the field.
Results confirmed that the SMAS provides highly accurate localization,
water resistance, prompt assembly, stable wireless communication, and

intuitive information for observers and operators.

1 Introduction

Research on remote sensing techniques involving unmanned aerial
vehicles (UAV) is important to improve search and rescue in disaster-
stricken areas because such technologies enable prompt action regardless
of the terrain. Search and rescue tasks with UAV rely mainly on vision,
which is vulnerable to poor lighting conditions or occlusions. A UAV-
embedded microphone array system is expected to be effective for the
detection of people needing assistance in disaster-stricken areas. Since a
UAV-embedded microphone array system receives rotor and wind noise
as well as environmental sounds, the target sound is contaminated by
ego-noise and other noise. Sound source processing should be able to
localize, and discriminate a target sound from noise. Robot audition
software [1-3] has been developed to cope with a mixture of sounds
contaminated by noise. In particular, the open source robot audition
software HARK (Honda Research Institute Japan Audition for Robots
with Kyoto University) [4, 5] provides noise-robust sound processing

functions: sound source localization, source separation and recognition
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of separated sounds. Basic technologies of robot audition have been
developed for use in indoor environments, and it is necessary to advance
these technologies for use in outdoor environments, such as for search
and rescue tasks using UAV. Five main challenges to developing such a

system for UAV include:

1. sound source localization;
. sound source separation and sound enhancement;
. sound source classification;

. real-time processing and intuitive visualization tools;

(O VS T )

. robustness of the device in outdoor environments.

The first challenge has been addressed in recent years in several stud-
ies including as a main research topic to find people in disaster situations,
e.g., localization of an emergency signal from a safety whistle [6], and
that of speech with a low signal-to-noise ratio (SNR) [7-9]. To locate
the source of a sound, algorithms based on multiple signal classification
(MUSIC) [10] are often used because they can effectively localize sound
sources in highly noisy environments. In particular, MUSIC based on in-
cremental generalized singular value decomposition with correlation ma-
trix scaling (iGSVD-MUSIC-CMS) developed by Ohata et al. demon-
strated good performance under dynamically changing noise [9]. iGSVD-
MUSIC-CMS could localize sound sources in a low SNR environment,
—15 dB. There is a severe trade-off between the speed and performance of
the signal processing. Since only offline processing was reported in their
evaluation, evaluation in real time is necessary for application to search
and rescue tasks.

The second challenge, in order to identify a target sound source in ex-
tremely noisy environments, is also important, in two goals: to improve
SNR of the target sound and to improve intelligibility of the separated
signals. The first goal of the present study was to improve sound source
classification (the third challenge). Recent studies on restoration of dis-
torted signals have been reported including: sound source separation with
a linear process [11] and integrated frameworks of sound source separa-
tion and classification using end-to-end training [12, 13]. While the first
goal targeted machine listening, the second goal targets human listening,
that is, an operator tries to identify a target sound source manually, e.g.,
by inspecting sound spectrograms or by listening to separated sounds. In
this case, intelligibility is a primary requirement. This second goal has not
been reported as a function for UAV, although it is important to the UAV
operator.

The third challenge, to effectively discriminate a target sound source,

such as a human-induced sound, from other sound sources has been inves-
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tigated [11-13], albeit these studies only reported offline processing and
did not mention real-time processing.

Regarding the fourth challenge, latency in visualizing flight and sound
source information should be as short as possible for efficient operation of
UAV. Since UAV operators may be situated far from the UAV, visualization
tools should be capable of displaying accurate information regarding UAV
location and sound source. Finally, regarding the fifth challenge, to ensure
system efficiency, all-weather acoustic sensors and reliability of wireless
communication using a Wi-Fi signal that carries acoustic signals, which
are necessary in outdoor environments, should be proven.

In this paper, we report the development of a UAV-embedded micro-
phone array system that resolved four of the above five challenges. The
third challenge, sound classification, which we regard to be at a higher
level than the other four, will be investigated in a separate study. The
remaining of the paper is organized as follows: Section 2 describes the de-
sign method and details of the UAV-embedded microphone array system.
Section 3 evaluates and discusses the performance of the system. Section

4 is the conclusion.

2 Methods

2.1 Design of Water-Resistant Microphone Array for Use Onboard
UAV

To address the first and fifth challenges in Section 1, we designed and
developed a microphone array.

Figure 1 shows our prototype hexagonal microphone array system
(HMAS). Sixteen MEMS (Micro Electro Mechanical Systems) micro-
phones are set on a two-story hexagonal frame whose diagonal length
is 1.8 m. The microphones and cables, being exposed, were vulnerable
to water, and risk of disconnection. Additionally, the complexity of the
frame demanded a lot of time for assembly of the HMAS. To solve these
problems, we designed a spherical microphone array system (SMAS),
which is water resistant and simple to assemble in a UAV (Figure 2).
As shown in Figure 2a or Figure 2c, twelve MEMS microphones are

embedded in a spherical body with a diameter of 0.1 m. Since a single
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Figure 2 SMAS (spherical microphone array system). (a) the 12 micro-
phones, and six of them marked as red circles; (b) UAV (unmanned aerial
vehicles) with SMAS and two counterbalance weights; (¢) coordinates of
the microphone positions in the SMAS; (d) layout of the SMAS and two
counterbalance weights in the UAV.
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Figure 3 Internal structure of the SMAS.

strut and one cable connects the array to the UAV, its assembly is simple
and the risk of disconnection is reduced. Unlike with the HMAS, where
the microphones are equidistant around the UAV, the weight of the UAV
is unbalanced with the SMAS. To solve this, we added two weights, each
of the same size and mass, to counterbalance the SMAS. As shown in
Figure 2d, the SMAS and weights are set at intervals of 120°, and the
direction of the SMAS is 30° on the UAV coordinates. Figure 3 shows
internal structure of the SMAS. To embed microphones into the body,
gaskets were used. The microphone was attached to the gasket so that
holes of the microphone and the gasket were coincident. When there
is a gap between the microphone and the body, the microphone cannot
receive acoustic signals precisely because of reverberations in the body.
To fill gaps between microphones and the body, ring-shaped connectors
were used. To ensure water resistance of the SMAS, holes of gaskets
were covered with a water-resistant membrane and an antiweatherability
tape. Since a water-resistant membrane and an antiweatherability tape are
enough thin to pass acoustic signals through, they do not influence signals

received by microphones.
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(b)

Figure 4 (a) antennas on the UAV marked as red circles; (b) the Yagi

antenna at a ground station.

2.2 Stabilization of Wireless Communication

To resolve the fifth challenge, to stabilize wireless communication, we
incorporated a high-gain antenna that could receive a Wi-Fi signal from
the UAV, which carries acoustic signals at a ground station. In addition, a
communication protocol was also implemented to improve robustness.

For sound source localization, acoustic signals recorded by SMAS on
the UAV are sent via wireless communication using a Wi-Fi signal to a
ground station, and processed by a computer. A network system was con-
structed by assuming that the distance between the UAV and the ground
station is short. However, in an outdoor environment, the network com-
munication has the potential to be unstable as the distance increases. To
ensure reliable wireless communication, two improvements were made.

First, we replaced an antenna at the ground station with the Yagi antenna
(FX-ANT-AS, CONTEC (Osaka, Japan)) [14] to improve throughput of
communication [15]. For acoustic signals recorded by 12 microphones,
throughput of approximately 5 Mbps is necessary. Therefore, a high gain
antenna was used for reliable wireless communication in outdoor envi-
ronments. Figure 4 shows antennas (FX-ANT-A7, CONTEC) [16] on the
UAV and the Yagi antenna at a ground station. On the UAV, two antennas
was assembled to arms of UAV. At a ground station, the Yagi antenna was
set on a tripod.

Second, we changed the communication protocol from TCP (Trans-
mission Control Protocol) to UDP (User Datagram Protocol). In wire-
less communication tests at tens of meters of distance between the hover-
ing UAV and the ground station, packet loss occurred approximately 400
times per minute. With TCP, each packet loss caused a retransmission
request, greatly reducing acoustic signal throughput. Hence, the proto-
col was changed to UDP. Because UDP provides no guarantee of data
integrity, no retransmission request is sent and throughput is maintained.
When a packet loss occurs, the ground station receives defective acous-
tic signals. However, because the minimum frame size for sound source

localization is much larger than one packet, the impact is negligible.

2.3 Development of Intuitive Visualization Tools for Operators

For the second and fourth challenges, we developed three visualization
tools that display information regarding the sound source on the UAV co-
ordinates and acoustic signals before and after their enhancement.

Essential to the system is a visualization tool to display sound source

6 [deg]
H
Power [dB]

Figure 5 MUSIC (multiple signal classification) spectrum. (a) azimuth

direction; (b) elevation direction.

o
Odeg3m

Google earth

Figure 6 Previous visualization tool based on Google Earth™,

localization results. Several groups have developed such a tool for sound
source localization [17-19]. Figure 5 shows MUSIC spectra produced by
the MUSIC method [10]. It visualizes sound power arriving from each
direction. The horizontal axis represents the frame number (time) and
the vertical axis represents the azimuth angle 6 (a) or the elevation an-
gle ¢ (b). The sound power is represented as a color map. It is difficult
to quickly determine the direction and time of a sound source with the
MUSIC spectrum. In order to visualize sound source localization and the
UAV location and orientation, we developed a tool to display such data
on Google Earth™ (Google (CA, USA)) (Figure 6) [20]. Because users
can change their viewpoint freely on Google Earth™, they can intuitively
grasp the situation of the environment, the UAV, and the sound source.
However, this tool is for observers only and not for the operator. Unlike an
indoor environment, in an outdoor environment, the distance between the
UAV and the operator may be large, necessitating a tool for its effective
operation. Therefore, we developed visualization tools for operators.
Because an operator controls the UAV with reference to its coordinates,
a user friendly method would be to display sound source directions on the
UAV’ s coordinates. Therefore, the coordinate system shown in Figure
7 was defined. Forward direction of the UAV is defined as the positive
direction of the y-axis, and the azimuth and elevation are projected to the
circumferential and radial directions, respectively. Using this coordinate
system, two visualization tools to display sound source directions were
developed as shown in Figure 8. Figure 8a shows the MUSIC spectrum.
The sound power in each direction is depicted by a color map. Figure

8b illustrates only the sound directions after threshold processing for the
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Figure 8 Visualization tools. (a) MUSIC spectrum; (b) sound direction;
(c) spectrograms of captured sound (left) and after enhancement (right).

MUSIC spectrum. In addition, spectrograms of the recorded sound and
after sound enhancement by online robust principal component analysis
(ORPCA) [21] are displayed as in Figure 8c. The left panel shows a spec-
trogram of the recorded acoustic signal, and the right panel shows it after
enhancement. The horizontal and vertical axes represent time and fre-
quency, respectively. By viewing these three sets of data in real time, even
when located far from the UAV, the operator knows the relationship be-

tween the UAV and the sound source.

2.4 Sound Source Localization Method

We used two methods of sound source localization, namely SEVD-
MUSIC (MUSIC based on Standard Eigen Value Decomposition), which
is an original broadband MUSIC method [10], and iGSVD-MUSIC [9].
SEVD-MUSIC has low noise robustness and low computational cost,
while iGSVD-MUSIC has high noise robustness and high computational

cost. Either of these can be selected according to the circumstances.
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Algorithms of SEVD-MUSIC and iGSVD-MUSIC are described below.

24.1 SEVD-MUSIC

M channel input sound signals of the f-th frame are Fourier transformed
to Z(w, f), from which a correlation matrix R(w, f) is defined as follows:

FHTr—1

R@.f)= 7 > ZnZw,1). $))
=f

w is the frequency bin index, T is the number of frames used for the
correlation matrix calculation, and Z* is a complex conjugate transpose of
Z. The SEVD-MUSIC method calculates eigenvectors through an SEVD
of the obtained R(w, f):

R(w, f) = E(w, HAw, HE*(w, f). @

A(w, f) is a matrix with diagonal components that are eigenvalues in a
descending order. E(w, f) is a matrix containing eigenvectors correspond-
ing to A(w, f). Using E, and a transfer function, G(w, ¥), corresponding to
the sound source direction, ¥ = (6, ¢) in the UAV coordinates, the MUSIC

spatial spectrum, P(w, ¥, f), is calculated:

X IG"(w, Y)G(w, ¥)
Plw,y, ) = = . 3
m=1+1 G (@, Y)en(w, )|

L is the number of target sound sources, and e,, is the m-th eigenvector
contained in E. P(w, ¥, f) is average over w direction to estimate the

direction of the sound source:

_ 1 =
PO = g D POt ) )

w=wr,

wpy and w; are indices corresponding to the upper and lower limits of the
used frequency bin, respectively. Threshold processing and peak detection
is performed for P(y, f) and i of the obtained peak is detected as the sound

source direction.

2.4.2 iGSVD-MUSIC

In iGSVD-MUSIC, for the f-th frame, the section of the length of Ty
frames from the f — f;-th frame is assumed to be a noise section, and the
noise correlation matrix K(w, f) is calculated:

1 Sffs
K, f) = T Z Z(w,T)Z"(w,7). %)

N T=f=f=Tn

The iGSVD-MUSIC method estimates noise in each frame and responds
to dynamic change in noise. The noise component can be whitened by
multiplying K~! to R from the left. The iGSVD-MUSIC method calcu-
lates singular vectors through the GSVD of K~Y(w, f)R(w, f):

K™, PR, ) = Yi(w, HEW, NHY} (@, ). ©)

X(w, f) is a matrix with diagonal components of singular values in a
descending order. Y;(w, f) and Y,(w, f) are matrices containing singular

vectors corresponding to X(w, f). Then, the MUSIC space spectrum is
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calculated:

G (w,¥)G(w,
Pl f) = 1T @ W@ o

p1 G (@, Y)ym(w, )
ym is the m-th singular vector contained in Y;. P(w,y, f) is averaged

over w direction to estimate the direction of the sound source:

_ 1 <
P(l//sf)=m ZP(w»l//»f)~ (®)

w=wy,

Threshold processing and peak detection is performed for P(y, f) and i
of the obtained peak is detected as the sound source direction.

Both sound source localization methods based on MUSIC basically as-
sume an acoustic far-field. However, by using the transfer function G
according to the distance to sound sources, it is possible to localize sound
sources at any distance. In addition, at the altitude at which a UAV flies
normally (at least a few meters), an acoustic field is a far-field. Therefore,
the accuracy of sound source localization depends on a SNR of an acous-
tic signal rather than a distance between a microphone array to a sound

source.

2.5 Structure of Microphone Array System

By integrating the above components, the microphone array system was
constructed. Figure 9 shows the SMAS configuration. The microphone
array on the UAV was connected to a multi-channel sound signal recorder,
RASP-ZX (System In Frontier (Tokyo, Japan)) [22] for synchronous
recording of 12 ch sound signals. The sound signals were recorded at
a sampling frequency of 16 kHz, and a quantization bit rate of 24 bits.
Recorded acoustic signals, images from the wireless camera and data from
a GNSS/IMU (Global Navigation Satellite System/Inertial Measurement
Unit) sensor were transmitted through a wireless network to the ground
station. Different frequencies were used for the wireless communications
to prevent cross talk. In the SMAS, data from a GNSS/IMU sensor
and images from the wireless camera were not used; therefore, only
recorded acoustic signals were received by the Yagi antenna. The received
data was integrated using ROS (Robot Operating System) to provide
general versatility. The acoustic signals were processed by a PC using
a sound source localization method. HARK was used for the algorithm
implementation. The data after processing was shared by three PCs via
a router. To reduce the processing load of one computer for real-time
visualization, visualization tools were displayed using three laptops. PC1,
PC2 and PC3 displayed the MUSIC spectrum (Figure 8a), sound direction
(Figure 8b) and enhanced sound (Figure 8c), respectively. Since the
SMAS is a separate system from the UAV, including its power supply, it
can be applied to various UAVs.

3 Results and Discussion

The performance of the SMAS was evaluated using numerical sound

simulation and by demonstration in an outdoor environment.

Ground station
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Figure 9  Configuration of SMAS.
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Figure 10 Spectrograms. (a) whistle; (b) voice; (c¢) noise of UAV
recorded by hexagonal microphone array; (d) noise of UAV recorded by
spherical microphone array.

3.1 Evaluation Procedure

Sound localization performance was evaluated using acoustic signals
created in a numerical simulation. Using transfer functions corresponding
to two types (hexagonal and spherical) of microphone array and sound
samples, acoustic signals arriving from every direction were created.
Recorded noise of an actual flying UAV was added to the created signals.
The direction was set as every 5° in the azimuth range from -180°
to 180° and the elevation range from —90° to 0°. As sound sources,
a whistle and human voice were used. A Mini Surveyor MS-06LA
(Autonomous Control Systems Laboratory (Chiba, Japan)) was used as
the UAV. Spectrograms of the sound sources and the noise of the UAV
recorded by each of the two microphone arrays are shown in Figure 10.
Simulated signals were created in different SNR, —20, —10, 0, 10 and
20 dB. Simulated signals were processed by the SMAS and results were

evaluated. Performance was also evaluated by demonstration in the field.
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incremental generalized singular value decomposition).
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3.2 Results of Simulation

The main differences between SEVD-MUSIC and iGSVD-MUSIC are
noise robustness and computational cost. Since its computational cost is
low, SEVD-MUSIC has a short delay; however, it has poor noise tolerance.
Since iGSVD-MUSIC includes noise whitening, it has noise tolerance but
a long delay. Thus, real-time property and noise tolerance are in a trade-
off relationship. Figure 11 shows MUSIC spectra processed by SEVD-
MUSIC (a) and by iGSVD-MUSIC (b) using spherical microphone array.
The target sound is located around 6 = 80°. In both MUSIC spectra, the
target sound source power can be seen. However, in Figure 11a, the noise
power of the UAV can also be seen. Figure 12 shows the delay in the
system when the frequency range, which is used in the MUSIC method,
is changed. The horizontal axis represents the frequency range and the
number of the frequency bin (wy — wy + 1), and the vertical axis repre-
sents delay. As shown in Figure 12, iGSVD-MUSIC has a time delay of
2 to 3 seconds longer than that of SEVD-MUSIC. In addition, as the fre-
quency range increases, the time delay increases. Based on these results,
localization performance was evaluated by its success rate. The success
rate was calculated based on the UAV coordinates. When the angle of the
maximum value of the MUSIC spectrum is matched with a set angle, it
is defined that sound source localization succeeded. All simulated sounds

were processed using sound source localization method, and the success

Success rate [%)]
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-®-Hexagonal, SEVD-MUSIC
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Figure 13  Success rate of localization.

rate was calculated. Figure 13 shows the success rate of localization for
the hexagonal and a spherical microphone arrays, processed by SEVD-
MUSIC and iGSVD-MUSIC. The frequency range used in the MUSIC
method was from 500 to 3000 Hz. In the hexagonal array, the success rate
of both MUSIC methods was almost 100% even with SNR less than 0 dB.
In the spherical array, the success rate was lower than that of hexagonal.
In particular, the success rate of SEVD-MUSIC was less than 30% when
the SNR was —20 dB. This lower success rate was considered due to the
smaller aperture diameter in the spherical array at 0.1 m compared to 1.8
m in the hexagonal. Therefore, the detection area of the MUSIC spectrum
was limited to increase the accuracy of localization with SEVD-MUSIC.
As shown in Figure 11a, noise of the UAV appear in one direction con-
stantly as directional noise, in this case at the azimuth angle of around
—150°. To avoid the effect of such noise, the detection azimuth angle was
limited to —60° < 6 < 120°. The success rate in a case when the detection
angle was limited is plotted as the green line in Figure 13. By limiting the
detection angle, the success rate of short-delay SEVD-MUSIC using the
spherical microphone array with SNR -10 dB could be increased to ap-
proximately 97%. Since the SNR, when blowing a whistle or speaking to
an actual flying UAV from a distance of around 10 m was approximately
—10 to 0 dB, it was considered sufficient localization performance. This
technique can be used with microphones located at one site on the UAV,
unlike the HMAS in which microphones are dispersed around the UAV.
Due to the location of our microphone array, parameters for sound source
localization could be easily tuned to attain accurate localization with a

small latency.

3.3 Results of the Demonstration

Regarding efficiency in assembling the system, the HMAS took two
hours to assemble, and especially time consuming was assembly of the
frame and electric cables. In contrast, the SMAS took 40 min to assemble
and 2 min to take off after switching on the UAV. Regarding water resis-
tance, although the demonstration was performed in light rain, the SMAS
worked without failure. To assess the reliability of wireless communica-

tion, throughputs were compared among four different antennas. Figure



40

(a) (b)
50 50
¢ 0rpm * 0rpm

B 40 l * 3000 rpm| { "B 40 * 3000 rpm
—ED * 5000 rpm —ED * 5000 rpm|
=30 300 8 l
= =
& ! a. H
20 020
= ] )
ol £ !
£10 | ) £10 i

0 ! 0 !

0 10 30 50 75 100 0 10 30 50 75 100
Distance [m] Distance [m]
(© (d)
50 50
* 0rpm * 0rpm

"B 40 * 3000 rpm| { & 40 * 3000 rpm|
§ * 5000 rpm § * 5000 rpm|
2301 g ' =300 2
E] H ] | ]
g . H g i
920 920
=) I =)
E E
= 10 = 10 1

0 : 0

0 10 30 50 75 100 0 10 30 50 75 100

Distance [m] Distance [m]

Figure 14 Throughputs by antennas type. (a) diversity; (b) Yagi (small);
(c) collinear; (d) Yagi (large).

MUSIC spectrum

Sound direction
45
i

1 *

i Sound source Enhanced sound

(whistle)

Figure 15 Data visualized in the demonstration.

14 shows the results of throughputs by antenna type: Diversity (FX-ANT-
Al, CONTEC) [23], small Yagi (FX-ANT-A3, CONTEC) [24], Collinear
(FX-ANT-A2, CONTEC) [25] and large Yagi (used in SMAS). Through-
puts were measured by fixing the UAV on the ground at distances, 10,
30, 50, 75 and 100 m, with propeller rotation speeds, 0, 3000 and 5000
rpm. The required throughput (5 Mbps) is shown as a dotted line in Figure
14. It was found that throughput surpassed 5 Mbps even at 75 m by using
the large Yagi-antenna. In the demonstration, the wireless network worked
without disconnecting in the distance of tens of meters. To examine the in-
tuitiveness of visualization tools, camera image, MUSIC spectrum, sound
direction, and enhanced sound data were displayed as in Figure 15. These
visualization tools provided directions of sound sources and other data in

real time for the audience and operator, intuitively.

3.4 Discussion

Before the demonstration, we conducted over 10 test flights, and all
sound source localization trials were successfully completed. Thus, us-

ability of the SMAS was verified. Tables 1 and 2 show a summary of

pros and cons of each microphone array system and sound source local-
ization method. For the microphone array system, the HMAS provides
high accurate localization; however, it does not have water resistance and
efficiency in assembling. The SMAS provides lower accurate localiza-
tion than the HMAS; however, we can increase the accuracy of localiza-
tion depending on sound source localization method. For sound source
localization method, SEVD-MUSIC has low noise tolerance and a small
latency, while iGSVD-MUSIC has high noise tolerance and a large la-
tency. Angle-limited SEVD-MUSIC can have high noise tolerance only
when microphones located at one site on the UAV like the SMAS. Thus,
because of their characteristics, we can select them according to the situ-
ation. In the demonstration, sound sources could be localized in real time
with high accuracy using the SMAS and angle-limited SEVD-MUSIC be-
cause the SNR of the recorded acoustic signal was over —10 dB. However,
in order to develop the system for the detection of people in a disaster-
stricken area, a new sound source localization method with higher noise
robustness and lower computational cost is needed. In addition, since there
are several sound sources at an actual site, it is necessary to separate and
identify human-related sound from recorded sounds. In future work, we
will integrate the proposed sound source identification method using deep-
learning [11-13] to the SMAS.

Table 1  Pros and cons of the HMAS and the SMAS.

Accuracy of Water Efficiency in

Localization Resistance = Assembling

HMAS O X X
SMAS A

Table 2 Pros and cons of SEVD-MUSIC, iGSVD-MUSIC and angle-
limited SEVD-MUSIC.

Noise Tolerance Latency

SEVD-MUSIC X O
iGSVD-MUSIC O X
Angle-limited SEVD-MUSIC A O

4 Conclusions

In this paper, we developed a UAV-embedded microphone array system
for an outdoor environment. First, a novel microphone array was designed
to ensure water resistance and efficiency of assembly. A 12 ch micro-
phone array, including a spherical body of simple structure, was designed.
By using coated microphones and a simple structure, water resistance and
efficiency of assembly were ensured. Second, the antenna and communi-
cation protocol were changed to obtain reliable wireless communication.
To improve throughput, the antenna at the ground station was changed
to the Yagi antenna. To avoid reducing throughput, the communication
protocol was changed from TCP to UDP. Third, intuitive visualization

tools for a UAV operator were developed. By integrating the above im-



provements, the microphone array system was constructed. Tests showed
that our microphone array system for an outdoor environment that is inde-
pendent from the UAV provides highly accurate sound source localization
performance in real time, and has effective intuitive operator visualization

tools.
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Structures and properties of polymers at interface
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Figure 1. A schematic illustration for polymer conformations in bulk

and at solid interface.
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Figure 2. A schematic illustration for SFG spectroscopy.
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Figure 3. SFG spectra for PMMA (a) spin-coated and (b) solvent-cast

films on d-OTS substrate with the ssp and ppp polarization combinations.
Reprinted with permission from ref. 14. Copyright 2015 American

Chemical Society.
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Figure 4. SFG spectra for (a) spin-coated and (b) solvent-cast PMMA
films on SiOy substrate with the ssp and ppp polarization combinations.
Reprinted with permission from ref. 14. Copyright 2015, American

Chemical Society.
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Figure 5. (a) SFG spectra for PI spin-coated films at substrate interface at
298 K, 343 K and 298 K after heating. (b) SFG intensity at 2965 cm™ in a
PI spin-coated film which was heated at a constant rate of 1 K min™.
Reprinted with permission from ref. 16 with modification. Copyright 2018,

American Chemical Society.
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Figure 6. (a) A schematic illustration of NR measurement for a polymer

film on quartz substrate. (b) A typical NR curve for a single layer on

substrate.
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Figure 7. (a) Neutron reflectivity curves for a cross-linked PI film in air

and n-hexane-d;;. Open symbols depict experimental data and solid and
dotted lines represent the reflectivity calculated on the basis of the
scattering length density (b/V) profiles shown in (b). Reprinted from ref.

19. Copyright (2016), with permission from Elsevier.
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Expansions of the Schwartz distribution by means of the Hermite functions

Toshinao KAGAWA *

Abstract. Several generalized functions admit the expansions
by means of the system of Hermite functions. Here the coeffi-
cients of such expansions for Heaviside function, x’jr withp € N,
1/(x £ 10), the signum function sgn(x), and the principal value
p.v. are given, explicitly. Above result presented here can be
found in [3].

Keywords. Fourier transform, Hermite function, Hermite expan-
sion

1 Introduction

The Hermite functions h,, of degree n € Ny = N U {0} are
defined by

1 1 z2 d " 2
= (2" " 27 1 (=12 | — -z
ho(z) = (2"n!) 277 2(—1)"e (daz) e .

Hermite functions are discussed in various contexts, for e.g. in
[1,7,8,9]
Hermite functions satisfy

d
<_da: + x) hn(z) = V21 + 2h, 41 (2)
which operator called creation operator and

(;i + x) hn () = V2nhy_ (x)

which operator called annihilation operator. These equations give

(dd i ) hul) = (20 + Dha(2).

That is, the Hermite function is eigenfunctions of the Harmonic
oscillator. Hermite funtions also satisfy the differential equation

Vi Thpy1 () — V2xhy, (x) + /nh, — 1(z) = 0.

It is well-know that hg,, 1 is an odd function and hg, is an
even function, i. e.

ho(—2) = (=1)"hp(2).

It is also well-known that the Hermite functions form an orthonor-
mal basis for L?(R). i. e.

(h’na hm)Lz(]R) = 5n,m7
B Y AT LR R
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where § is Kronecker’s delta. For each f € L*(R),

oo

f(x) = Z(ﬂ hon) 2 ®)hn (),

n=0

called Hermite expansions of f, in the sense of L*(R).

L. Schwartz in 1951 and B. Simon [6] in 1971 derived to
charachterize space of the rapidly decreasing functions S(R) and
tempered distribution §’(R) using by Hermite functions.

Theorem 1.1. [6] For ¢ € S(R),

@(x) = Zanhn(:c), (1)
n=0

where a,, = (@, hy,) and there exist some C > 0 and k > 0 such

that
Z a,n? < +00

n=0

(2)
for any p € N. Conversely, if {a,},., satsfies (2), then the right
hand of (1) converges to a function in S(R).

Similalry,

Theorem 1.2. [6] For T € S'(R)

T(x) =Y buhn(x), 3)
n=0

in the sense of S'(R), where a,, = (¢, h,,) and there exist some
C > 0and k > 0 such that
“)

Conversely, if {b, }—, satsfies (4), then the right hand of (3) con-
verges to a function in S’ (R).

b, < C|n|*

More generally, G-Z. Zhang characterized the Gel’ fand Shilov
space in the cases of S, with » > 1/2 and generalized function
space (S;)" which is the dual space of Gel’fand Shilov space [10]
in 1963. Hermite functions are elements of the Gel’fand Shilov

space, i.e. hy(z) € /3 (R) C S(R).

The Fourier transform F of f,g € L*(R) and inverse Fourier
transform F ! are defined by

FDE©) = 7= [ ) do
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and

Flo)a) = o= [ ¢4 da

Fourier transform is the unitary transform of L?(R).
Fourier transorm gives that

F(hn)(§) = (=i)" hn(E).-

So, we see that Hermite function is the eigenfunction of the
Fourier transform. This fact gives that if

f = i anhy
n=0

then

o0

F() =S (~)"anha.

n=0

It follows from the definition of Heaviside funtion

1 if >
Ha)=q0 0 2=0
0 if z<0
and the signum funtion
(@) 1 if >0
sgn(x) =
. 1 iz <0

that we have:

H(z)= % {sgn(z) + 1}.

The funtion z*, is defined by

2P if x>0,
xﬁ:
0 if <0
with p € N.
1/(x 4 i0) is defined by
1
— = lim —.
r+i0 e—+0x i€

The principal value p.v. is defined by, for ¢ € S(R),

1
<p.v.7 gp> = lim
€T e—0

Fourier transform of the Dirac’s delta function 9§, Heaviside func-
tion H (x) and the principal value p.v. is given by

o(x)
lz|>e T

dr.

®)

(6)

and

.1
—T 2

sgn(§) @)

1
Flpv.— =
(p v Z) (€
in the sense of the tempered distribution. So, Fourier transform
of these equation (5)-(7) gives the relation, called Lippmann-
Schwinger identity, between 1/(z =+ 40), the principal value p.v.
and Dirac’s delta function as follows:

1
x 110

1.
=pv._ F imd(x).

Now we give the some example of the Hermite expansions.
Fourier transform and inverse Fourier transform of Hermite func-
tion give the following example 1.3:

Example 1.3.

cos(z€) = )" hon (€

WZ

h2n (CC)

and

sin(z€) = v2r Z )" h2n11(§)hant1(z).

For the expansions of tempered distributions by Hermite func-
tions the following would be well-known. (c.f. e.g. [5])

Example 1.4.

Sy =3 7 —{(271)!2};;!(_1)71 han ()

and

2n(x)a

> ; 2n '} >
4 -
E : .
in the sense of the tempered distribution.

The Hermite expansion of the tempered distributions has been
known well in an abstruct level, but it is less known to deside ex-
plicitlly, the concrete coefficients of the Hermite function expan-
sion of the tempered distribution. The aim of this talk is to show
the coefficients of the Hermite functions of tempered distributions.
We show to calculate the coefficients of the Hermite expansions of
Heaviside function, xf_ with p € N, 1/(x % 40), the signum func-
tion sgn(x) and principal value p.v., explitly, in the next section.

In relation with our results, the paper [4] gives the exapmle
of the Hermite expansions of the characteristic functions and sinc
function sinc(x) = (sinz)/z by the author and K. Yoshino. The
relation between the Hermite function and Bargmann transform
gives the other examples of Hermite expansions of the tempered
distribution derived by H. Chihara, T. Furuya and T. Koshikawa in
[2].



2 Hermite expansion of the tempered distributions

In this section, we calculate the coefficients of the Hermite func-
tion expansions of the tempered distribution (Heaviside function,
x%, signum function sgn(z), 1/(z % ¢0) and the principal value
p-v.). To calculate the coefficients of Hermite expansions, we be-
gin with the other definition of the Hermite functions. Using the
formula )

2 2 .
€7x = €7u +2ixu du,
T2 JR
Cauchy’s integral theorem and Lebesgue dominated convergence
theorem follow that

d\" 1 .
() e = — (2iu)”e‘“2+2m“ du
dx T2 JRr

1 .
= —leﬂ”2 /(Qiu)"e*(“*”)2 du
e R
2¢)"
= ( Zl) e /(u—l—ix)”e‘”z du
T2 R
2. n n
= ( Zl) e Z nC’;.C(igv)"_k/uke_“2 du.
™2 k=0 R

But, if £ = 2I, using by the Gamma function,

andif k =20 + 1,
k_—u?
u'e
R

Therefore we can rewrite the definition of the Hermite functions
as follows:

(3] 1 )
hn(l') = Q%ﬂ'ii Z ((71!)2(_1)]61'”2]6612.

n — 2k)122kf) ®
k=0

This definition gives that we can prove the example 1.4. Indeed,
when n = 2m,
@m)!(=1)™

2mm!

.

(0, hp) = hom(0) =7~
and whenn = 2m + 1,

(6, hn) = ham41(0) = 0.

And also, Fourier transform of the Hermite expansion of the
Dirac’s delta function gives the coefficients of the Hermite expan-
sion of 1.

(8) gives the following theorem:

Theorem 2.1. [3]

H(x)= Z anhp (),
n=0
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where
Azt i Z 22m—3k+%(_1)k
k=0
{@m + D)} (m — k)
(2m — 2k + 1)!k!
and

1
o qemy!
am 2m+im!

Proof. We give the proof, easily. We calculate the coefficients of
the Hermite expansion of the Heaviside function by

where

o0 2
— R
/ 2" 2kem T dn
0

2mk(m — k) if
=< (2m —2k)\n2
om—k+3 (m — k)

n=~2m+1,

if n=2m.

d

Similarly, we calculate the coefficients of the Hermite expan-
sion of %, .

Corollary 2.2. [3]

o0
xﬂ’_ = Z anhy,(x),
n=0

where a,, has the following two cases. When p = 21 + 1,

m

Agmgr =m% »_(—1)F27k=I1
k=0

{(2m + 1)1} 2 (2m — 2k + 21 + 2)!
(2m — 2k + D)k (m — k + 1 + 1)

and

m

azm, =7T7% (_1)k22m73k+l
{2m)1}? (m — k + 1)!
(2m — 2k)!k!
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When p = 2,

m
a2m+1 =rd Z(—l)k22m—3k+l+%
k=0
ACm+ DY (m—k+1)!
(2m — 2k + 1)k!
and
A2m :77% Z(_l)k2fk7l—%
k=0

{(2m)1} % (2m — 2k + 20)!
(2m — 2Kk)k! (m — k + 1)1

It follows from the Fourier transform of the Heaviside function
and the Fourier transform of the Hermite function (6) that

o0

=(2m)% > (1" ayh,.

n=0

1
x — 10

Then Theorem 2.1 gives the following proposition:

Proposition 2.3. [3]

=0

il
where
bom1 = F w4 Z gm-Skt g (_pymik
k=0
{@m+ D)1} 2 (m — k)
(2m — 2k + 1)1k
and

1,
DT {em
2m+3 ) )
Similarly, we have the coefficients of the Hermite expansion
of the signum function sgn(z) as follows:

A2m,

Proposition 2.4. [3]

sgn(z) = Y azmi1hamia (@),

n=0
where
Azt ——1 Z 22m73k+3/2(71)k
k=0
{@m+ D)1} E (m — k)
(2m — 2k + 1)1k

Indeed, whenn = 2m + 1,

<sgn(x), h2m+1> - 2/ h2m+1($)d$
0

=2(H, ham+1)

and when n = 2m,

(sgn(x), hom) = /ngn(x)hgm(x)dx = 0.

The Fourier transform of the principal value (7) gives

ped o (S

and the folllowing proposition:

Proposition 2.5. [3]

1 o0
No— = m h m ’
DV ngoaz +1h2m+1()
where
A2mt1 :71_% Z 22m73k+1(71)m+k
k=0

{m+ 1D)1}? (m — k)

(2m — 2k + 1)k!

in the sense of the tempered distribution.
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Applendix In this section we show the some computer expriments of the Hermite expansions.

(1) Dirac’s delta function case (see example 1.4). About i(—l)"w‘i % on (),
n=0 ’
10 o1
|
:
|

-10 5
_zl -2
Figure 1: k = 20 Figure 2: k = 100
k
(2) Heaviside function case. Z anhy (), where a,, is given by Theorem 2.1,
n=0
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A Design Method of the Decentralized Variable Gain Robust Controller
for Uncertain Large-Scale Interconnected Systems
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£ (4, B O 5,0
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YDy YEy Y, - Y, Y(E))
Y(ES) Y(EL) o Y(ED)
Q[(O-l’ﬂgi’é‘i/)Ediag(o-ilq"’gllm,’g][.v,,’gzlmz’82153,’.“
el el e, e
'”’gNImN"("NIA‘\,’é‘li[n,’”"é‘ifli[n,’é‘fﬂt P (&)
Ty 51\/1[",’511 q,,""55f—1f1q,,,,’é‘wli[qm."”
...’51\”[%’)

Fiz, OXIZBT D peww X P=Y R DITHITHY, 1,1%
t=limeg —g(t-e) TH D EITHEBE SNV ot x, )Xo
N—=TH T VAT HER AR NEEERD.

FEBA 1 IEEESEHRITA P 2 VTR D Y T 7 B O A
BEEZD.
V(x,t)sil/;(x[,t) (10)
T, Vixnb) zi‘«kfﬁf%’%éh%:#\%ﬁwﬁﬁlﬁ%%{?%é.
V,(x.t) = x! () Px,(1) (11

FT, B Vi) BAOROANL—T VT 2 AT AOfELGE IR >
THEI ST 5 &, AR ELNRD.



54
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A Branch-and-price Approach with MILP Formulation to Modularity Density Maximization on Graphs *!

Keisuke SATO*

1 Introduction

Identifying communities in graphs is a very important task in data analysis,
and has a wide range of applications in diverse fields such as social networks,
the Web, biology and bioinformatics. Roughly speaking, a community is a sub-
set of a graph which are tightly connected internally while loosely connected
externally. Numerous approaches to community detection have been proposed
so far, most of which aim to optimize a certain objective function defined on a
graph.

Triggered by the seminal work by Newman and Girvan [23] in the literature
of the community detection, maximizing the modularity function has exten-
sively been studied. Let G := (V, E) be an undirected graph with the set V' of
n vertices where n > 2 and the set £ of m edges. The degree of vertex 7 € V'
is denoted by d;. We say that IT := {C", ..
k is a partition of V if V. = Ulglep, Cp # Sforanypand Cp NCpr = @

., Cy } for some positive integer

for any distinct pair p and p hold. Each member C), of a partition is called a
community. The set of edges that have one end-vertex in community C' and the
other end-vertex in community C” is denoted by E(C,C”). When C = C’,
we abbreviate E(C, C”") to E(C) for the sake of simplicity. Then the modu-
larity, denoted by Q(II) for partition IT of V/, is defined as

QD =Y (IE(C) B (Zieodi)z)

cen m 2m

where | - | is the cardinality of the corresponding set.

The modularity maximization is now one of the central subjects in this field,
while it receives serious criticism from mainly two viewpoints: degeneracy
(Good et al. [12]) and resolution limit (Fortunato and Barthélemy [10]). Degen-
eracy means presence of several partitions with high modularity which makes
it difficult to find a global optimal partition. Resolution limit refers to sensitiv-
ity of modularity to the total number of edges in a graph, which leaves small
communities not identified and hidden inside larger ones. Even in a schematic
case where a graph consists of multiple replicas of an identical clique which
are connected by a single edge, Fortunato and Barthélemy [10] showed that
maximizing the criterion results in regarding two or more cliques connected as
a community when the number of cliques in the graph is larger than the square
root of the number of edges. This narrows an application area of the modu-
larity maximization since most of real networks may contain tightly connected
groups with different scales.

To avoid the resolution limit issue, Li et al. [17] proposed a new function,
called modularity density, and their theoretical analysis with respect to maxi-
mizing the function leads to detecting communities with different scales (we

should note that, based on comments on this paper by Costa [4], errata by Li
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et al. [18] were released). The modularity density, denoted by D(II) for parti-

tion IT, is defined as

D(IT) = Y

Cell

<2E(C)| —YXcremcy 1E(C, C’))
IC] '

We refer to each term of the outer summation in Q(II) or D(II) as the contri-
bution of the community to the modularity or the modularity density.

Since this function takes account of the number of vertices in each commu-
nity, the modularity density maximization is straightforwardly formulated as a
binary nonlinear fractional programming problem. This feature indicates that
development of any exact solution method for the modularity density maxi-
mization seems to be more challenging than that for the modularity maximiza-
tion, which has promoted development of heuristic algorithms. In fact, Li et al.
[17] fixed the number of communities and solved the continuous relaxation
problem. Although Karimi-Majd et al. [16] presented an improved formula-
tion that does not require the number of communities to be known, it is still
a binary nonlinear fractional programming problem. To date, several meta-
heuristic approaches have been developed: ones based on a genetic algorithm
by Liu and Zeng [19], a memetic algorithm with simulated annealing in its
local search phase by Gong et al. [11] and biological operations by Karimi-
Majd et al. [16]. Costa et al. [6] proposed hierarchical divisive heuristics based
on repetitive resolutions of an integer linear programming (ILP) problem or a
mixed integer linear programming (MILP) problem to split a community into
two. Santiago and Lamb [25] presented seven scalable heuristic methods, and
compared them with the metaheuristic algorithms mentioned above as well as
the heuristics by Costa et al. [6]. Izunaga et al. [ 14] formulated the problem as a
variant of a semidefinite programming problem called 0-1SDP. Their reformu-
lation has the advantage that it does not require the number of communities in
advance, while any method to exactly optimize 0-1SDP has yet been unavail-
able. Instead, they solved an ordinary semidefinite programming relaxation
problem to obtain an upper bound solution and created a feasible solution from
it by dynamic programming.

On the other hand, there are a few approaches to exactly maximize the mod-
ularity density. The exact formulation proposed by Li et al. [17], Karimi-Majd
et al. [16] or Izunaga et al. [14] has not yet been solved to optimality due to its
nonlinearity. Costa [5] presented several MILP reformulations, which enables
us an application of general-purpose optimization solvers to the problem. In
the reformulations, however, the number of communities must be fixed in ad-
vance. They reported a result that their best MILP formulation gave optimal
solutions of instances with at most 40 vertices. The models require the upper
bound value of the contribution of a community as input, which was calculated
by solving a binary nonlinear fractional programming problem in the paper.
Costa et al. [7] discussed MILP reformulations of the upper bound calculation,
providing the whole modularity density maximization process completely ex-
pressed as MILP problems. Izunaga et al. [14] calculated the upper bound in

their numerical experiments for comparison by the parametric algorithm by



Dinkelbach [9] in which a series of ILPs was solved.

Very recently, and independently of our work, de Santiago and Lamb [26]
have considered the clustering problem as the set-partitioning problem and
have presented its ILP formulation (refer, for instance, to Nemhauser and
Wolsey [22] on the set-partitioning and related problems as well as their ILP
formulations). They have solved the problem by column generation (refer,
for instance, to Desrosiers and Liibbecke [8] on column generation), in which
framework an initial set of columns is given by heuristics that has stochas-
tic behavior. The column generation subproblem is also solved by different
stochastic heuristics. When no column is found by the latter heuristics, the
subproblem is formulated as an integer quadratic programming (IQP) problem
and is solved to optimality to decide whether the linear programming (LP) re-
laxation of the set-partitioning problem is optimal or not even though the LP
has a limited set of columns. Although they have reported optimal solutions
for instances having 62 and 105 vertices, the computation time has varied con-
siderably for each trial due to the stochastic nature of the two heuristics. For
several trials, these instances have not been solved in ten hours. Another re-
mark should be made that they have only solved instances whose LP optimal
solution is integral and have not presented a detailed procedure for a case where
the LP optimal solution is fractional. Hence, their approach may not provide
an optimal solution for a particular unsolved instance.

In this paper, independently of the work by de Santiago and Lamb [26],
we regard the modularity density maximization as the set-partitioning prob-
lem and present its ILP formulation, which enables us to devise an efficient
algorithm to provide an optimal solution for the modularity density maximiza-
tion. To be specific, we develop an algorithm based on a branch-and-price
framework, i.e., column generation in a branch-and-bound framework, to truly,
exactly optimize the modularity density function value (refer to Barnhart et al.
[2] as well as Desrosiers and Liibbecke [8] on branch-and-price). We also
incorporate two existing techniques into the algorithm: the set-packing relax-
ation proposed by Sato and Fukumura [27] *2, which was originally applied to
a set-partitioning-based scheduling problem, and the multiple-cutting-planes-
at-a-time by Izunaga and Yamamoto [15], which was originally done to the
modularity maximization, to accelerate the column generation process within
the algorithm. The former substitutes the set-partitioning constraint of the LP
relaxation problem with the set-packing constraint for all the vertices, and dy-
namically restoring it for a necessary subset of the vertices in the column gener-
ation process. We expect that the contribution of the majority of communities
detected as an optimal solution will take a positive value, and therefore that
the set-packing constraint will suffice for a large part of the vertices. The lat-
ter can provide us with two or more columns that have no common element in
each column generation phase, and therefore we expect that these columns will
coexist in a good feasible solution of the original or the LP relaxation of the
set-partitioning/set-packing problem.

Our contributions in this paper can be summarized as follows:

1. We give a branch-and-price framework for the exact modularity den-

sity maximization problem expressed as the ILP formulation of the set-

*2 More accurately, they presented the set-covering relaxation since they
aimed to solve a minimization problem.
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partitioning problem. For Protein p53 test instance having 104 vertices,
we show that column generation at the root node of the branch-and-bound
tree provides a fractional upper bound solution and that our algorithm
finds an integral optimal solution after branching.

2. We formulate the column generation subproblem to be solved repeatedly
as a simpler MILP problem than the quite recently proposed IQP prob-
lem. This formulation lets us provide another complete MILP framework
for the whole modularity density maximization process.

3. The set-packing relaxation and the multiple-cutting-planes-at-a-time ac-
celeration techniques combined with the MILP formulation of the col-
umn generation subproblem enable us to optimize the modularity density
for famous test instances including Graph, Dolphins, Les Misérables and
AO00 main in addition to Protein p53, which have not yet been solved.
Instances with over 100 vertices are solved with a proof of optimality in
around four minutes by a PC. Our solution method is deterministic and

the computation time is not affected by any stochastic behavior.

The rest of the paper is organized as follows: in Section 2, we present the
set-partitioning formulation of the modularity density maximization and col-
umn generation for that, referring to the recently proposed IQP formulation
of the column generation subproblem by de Santiago and Lamb [26]. In Sec-
tion 3, we propose a solution framework based on branch-and-price. It in-
cludes a MILP formulation of the column generation subproblem as well as
the set-covering relaxation and the multiple-cutting-planes-at-a-time accelera-
tion techniques. In Section 4, we report numerical experiments on the proposed

framework. Finally, conclusions and future work are presented in Section 5.
2 Set-partitioning and column generation at root node

2.1 Set-partitioning ILP formulation

Any feasible solution to the modularity density maximization as well as
the modularity maximization is a partition of the vertex set. Hence, as it was
done to the modularity maximization by Aloise et al. [1], we can regard the
modularity density maximization as the set-partitioning problem. The problem
is widely formulated as an ILP problem.

The set of all possible communities is 2\ {@}, and we let it be C. Any
possible community C' € C satisfies @ C C' C V, i.e., C consists of some
members of V. Given C' € C, its contribution fc to the modularity density is

calculated by

_AEO)] = Yiec di

a e} '
Let constant a;¢ be one if vertex ¢ € V is in possible community C' € C and
be zero otherwise. Also, we let uc be a binary variable indicating whether C' €
C is selected for a community or not. Then the set partitioning formulation (P)

of the modularity density maximization is as follows:

max. Z fouc

cec

Z a;cuc = 1

ceC

®)| st VieV
uc € {0,1} VC eC.

The main advantage of this approach is that we do not need to give the optimal
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number of communities in advance.
2.2 Subproblem as IQP in column generation at root node

It is natural to rely on column generation to solve (P) since |C|, which is
equivalent to the number of variables, becomes extremely large as the number
of vertices n gets larger. This makes the problem intractable. Here let us intro-
duce what we call column generation “at the root node,” which has also been
presented by de Santiago and Lamb [26] quite recently. In the column genera-
tion process, (P) is called the master problem, and a restricted master problem
of (P) is commonly given by substituting subset of C and continuously relaxed
uc. Let £ € {1,2, ..., } be an iteration counter of the column generation, and

the restricted master problem at the root node (RP(y)) is given by

max. Z fouc
CEC(@)
(RPg)) | s.t. Z acuc =1 YieV
CEC(g)

uc >0 VC € C(g)

where C(y) C C for each ¢. Possible community C' € C is called a column in
this context. Let (RD(y)) be the dual of (RP(z)) and A; for vertex i € V' be

the dual variable. Then the problem is written as

min. Z i
9%
(RD(Z)) S.t. Z aicNi > fc VC € C(Z)
eV

NER  VielV

Note that de Santiago and Lamb [26] have generated 30 columns to form the
initial column set C(1) by heuristics that has stochastic behavior.

In the column generation process, we solve (RP(;)) or (RD(y)) for each £,
and try to generate column Cec \C( ¢) which has the possibility of improving
the objective value of (RP([)) or equivalently cutting the optimal solution to

(RD()) by adding Co C(gy- We define A7, fori € V as the dual price of

:(6)
the constraint for 7 at an optimal solution to (RP(D) or as an optimal solution
to (RD(p)). Let us focus on the dual problem, and column Cec \ C(¢) to cut

the optimal solution must satisfy the following inequality:

> weh o < Je

i€V

Now let us introduce binary variable x; which takes one if 7 be-

longs to a column to be added and zero otherwise. The vector of

xz;’s is denoted by @. Then the search for such a column called the

column generation subproblem at the root node (S(Z)) is given by
find z € {0,1}V\ {OV}

43 T,ri —
{i,jyeE v
- Aoy > 0.
Siev Ti Z i,(€)

To find any solution to this problem, de Santiago and Lamb [26] have

(Seey)

ZGV

such that

presented different stochastic heuristics. In case of the failure, they have given

the following equation:

4 Ger ity — ey di Z .
7,(£)*
Diev Ti = o
4 dtigyer Tt = Dicy GiTi = Xicy Dpey A (o T

ZieV i

and have focused on its numerator. They have introduced variable w;; for
each (i,7) € E which takes one if x; = z; = 1 and zero otherwise, and
have defined the exact formulation of the subproblem at the root node as the

following 1QP:

max. 4 Z Wij — Zdzxz — Z Z )\;‘,(e)xixif
{i,j}€E i€V ieVi'eV
(s'(%;’) s.t. wij <@y v{i,j} € FE
Wi ij V{L]} ek
x; € {0, 1} VieV
wyy € {01} ¥{i,j} € E.

They have called the problem (AP-II), and have solved it to optimality. Note
that (Sl(%P ) is a maximization problem and therefore that w;; = 1 holds when
x; = xj = 1 at an optimal solution. Although its objective function is non-
convex, it can be cast as an equivalent convex programming problem (refer, for
instance, to Billionnet and Elloumi [3]). Several solvers automatically perform
the conversion, hence can handle (Sl(%) )

If any  is found that satisfies the condition of (Sy)), set C' := {i €
V | x; = 1} is identified as a new, generated column. It is added to C(g),
which forms C(y11y. Then (RP(4)) or (RD(y)) for £ + 1 is solved. In the
former problem, the variable uz as well as the column vector [al, GLTGV has
been generated. In the latter problem, the constraint Ziev a5\ > f &
which can be regarded as a cutting plane, has been added. If there is no such
x, we have an optimal solution to the LP relaxation of (P). For each of the
instances which have been solved by de Santiago and Lamb [26], the solution
is integral, thereby indicating that it is an optimal solution to the modularity

density maximization.

3 Branch-and-price with acceleration techniques

3.1 Branch-and-price framework

Let us consider the possibility, for a particular unsolved instance, that the
column generation at the root node presented in the previous section provides
a fractional solution. Then the solution is of course infeasible in terms of the
original ILP problem, or an integral solution obtained by solving the ILP set-
partitioning problem given the set of columns which have been generated until
then has not been proven to be exactly optimal in general. This possibility
necessitates a branch-and-price framework, or column generation combined
with branch-and-bound.

We follow the standard “identical restrictions on subsets” branching rule for
the set-partitioning problem by Barnhart et al. [2], which dates back to Ryan
and Foster [24]. Letb € {0,1,...,} be a node ID of the branch-and-bound

tree where O denotes the root node, 2b’ + 1 the left branch node of tree node

bl



b’ and 2b’ + 2 the right branch node. An unvisited node set of the tree during
the branch-and-bound process is denoted by B. At tree node b, we define W,
as Wy, C {{4,i'} | 4,4’ € V'},i.e., asubset of all unordered pairs of the graph
vertices. When {z‘l, ’iz} € Wb, we impose the left branching rule that 77 and
2 must belong to an identical possible community. Similarly, we define W,
and impose the right branching rule for {i1,i2} € % that 47 and i must
belong to a different possible community.

3.2 Set-packing relaxation of restricted master

Straightforward column generation applied to the set-partitioning problem
unfortunately requires much computation time for large instances due to de-
generacy (in the LP context), as Liibbecke and Desrosiers [20] pointed out.
For a set-partitioning-based minimization problem in the field of scheduling,
Sato and Fukumura [27] gave the set-covering relaxation to overcome the dis-
advantage. This technique first replaces the set-partitioning constraint with
the set-covering constraint for all elements of the set. When the column gen-
eration converges, the technique focuses on the solution to the set-covering-
relaxed LP and the set-covering-relaxed constraint set. For each element of the
set, the constraint is reset if the value of its left-hand side exceeds that of its
right-hand side, and then the column generation process is resumed. It is re-
peated until the column generation for a combination of the set-partitioning and
the set-covering constraints converges and all the elements are exactly covered.
Although this approach is much simpler than stabilized column generation pro-
posed by Merle et al. [21], it contributed to enough computation time reduction
for their scheduling problem instances.

In this study, we apply the set-packing relaxation to the set-partitioning
problem (P) in our branch-and-price framework (since we discuss a maximiza-
tion problem). We expect that the contribution of the majority of communities
detected as an optimal solution will take a positive value, and therefore the
set-packing constraint will suffice for a large part of the vertices. Let (b, £)
be the ¢-th iteration at branch-and-bound tree node b. We also let C(3, ¢y and
V(; 0 be subsets of C and V, respectively. Then we define the set-packing

relaxation (Rbey Z)) as follows:

max. Z fouce
CEC([LZ)
S.t. Z a;icuc =1 Vie V(f’e)
(Rpé,g)) CeCp,0
> aicuc <1 VieV\ Vi,
CEC(b)g)
uc >0 VC e C(b)g).

We should note here, for every (b, £), that C(b,¢) must not contain any column
which does not satisfy the left and right branching rule given by W}, and W
Let us recall here the original set-partitioning problem (P) and consider the

following problem (P(;, ¢)) that substitutes C(y, ¢ for C:
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max. Z fouc

CEC(b’g)

Z G, cuc = 1

CeC,0

(Pw,o)) | s.t. VieV

uc € {0, 1} VC e C(b@.

If the problem is feasible, which is expected to be true for Cj ¢y consisting
of a sufficient amount and variations of columns, its optimal value is clearly a
lower bound of (P).
3.3 MILP subproblem and multiple cutting planes as columns

Let (RD(gb’ o)) be the dual of (RP(Sb’ 2
variable. Then the problem is written as

min. Z Ai
i€V
- st Y aichi > fo VO E€Cuy

RD7
(RDG ) v

) and \; for vertex ¢ € V be the dual

A ER
Ai >0

Vi€ Vi
VieV\ Vo)

We can see that the set-packing relaxation restricts the dual variables in sign,
and removes the restriction for a subset of V' at some (b, £). Such techniques
are also reviewed in Liibbecke and Desrosiers [20].

We define )‘Z(b, 0 for ¢ € V as the dual price of the constraint

’ . . < . .
for ¢ at an optimal solution to (RP(*b, [)) or as an optimal solution to

(RD(Sb Z)). Then the column generation subproblem (S, ¢y) is given by
find x e {0,1}V\ {0V}
A3 e p Ty — Y ey ik
{i,j}eE ] eV Yt *
such that “d S ‘ - Z/\i,(b,é)‘ri >0
(Se.)) iy i eV

Tip — T, =0 V{LI,LQ} EW[)
Ty, +xi, <1 V{ihig} S %
Note that the last two constraints correspond to the branching rule. The

former constraint indicates, for a pair of vertices in Wb, that any column to be
generated is not allowed to contain exactly either one of them since they must
belong to an identical possible community. The latter constraint shows, for a
pair in W}, that any column to be generated is not allowed to contain the both
at the same time since they must belong to a different possible community.

Adding not merely one column, or one cutting plane, but multiple ones at
(b, £) which may complement well each other will more likely contribute to fast
convergence of the whole column generation process. Izunaga and Yamamoto
[15] introduced the multiple-cutting-planes-at-a-time technique for its column
generation subproblem of the modularity maximization. This technique first
solves the original subproblem and obtain a column. It then removes the ver-
tices included in the column from the whole vertex set of the subproblem, and
solves the subproblem again. This procedure is repeated until the subproblem
does not provide any column which may improve the objective function value
of the corresponding restricted master problem or all the vertices are removed.
This simple approach dramatically improved computation time of the modu-
larity maximization for large instances solved in their paper.

We solve (S ) by formulating it as a MILP problem, and

apply the multiple-cutting-planes-at-a-time technique to the formu-
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lation. Let ¢ € {1,2,...,} be an iteration counter of finding
a column and (b,¢,q) be the ¢-th iteration at (b,?). We give
the column generation optimization subproblem (S?’L‘!—;q)) below:
max. 4 Z wij — Z d;y; — Z A (b0 Ti (1)

{ijyeE i€V i€V
s.t. Z y; =1 2)

icV

0<s—y; <l—a; VieV 3)
Yi < x; VieV 4)
wij <y Y{i,j} € E 5)
(Shre.o)) wiy <y; Vi, j}€E ©6)
Ty — Tiy = V{iy,is} € Wy (7
2, + g, <1 V{i1 iz} € Wy ®)
2 €{0,1} VieVAVY, )
r; = Vie Vi, (10)
¥ >0 YieV (1n
wi; €R V{i,j} € E (12)
seR. (13)

To discuss the relationship between (S(; ¢)) and (SM}”‘ZP@), let us consider

the case with ¢ = 1, which means V(%,em = . The constraints (3), (4),
(9), (11) and (13) imply that y; = sx; holds; if z; = 1 then s = y; and
otherwise 0 < y; < x; = 0. This fact along with the constraint (2) implies
s =1/ >,y i, and therefore y; = x;/ >,y ; holds. Note that z; = 0
for all © € V is not a feasible solution. From the constraints (5), (6) and (12)
as well as the objective function to be maximized, w;; = min{y;, y;} holds

at an optimal solution to the problem or to its linear relaxation problem, which

is equivalent to w;; = x;x;/ > ;o\ ;. Hence we can say that solving
(S?Ab”_epq)) answers (S(3,¢)) for ¢ = 1, and we can find another solution, if it

exists, for ¢ > 2 (which means V(Ob,e,q) # @). If two or more columns are
generated by this approach, they have no common vertex. Hence, we expect
that these columns will coexist in a good feasible solution of the original or
the LP relaxation of the set-partitioning/set-packing problem.
3.4 Overall procedure

Our branch-and-price approach is displayed in Procedure 1. Subroutine 1 is
called from the main procedure, and Subroutine 2 is done from the preceding
subroutine.  Operations 1 and 2 of Procedure | are initialization. Let V=
be a subset of V' and also let ¢ € V= denote that the constraint for ¢ is the
set-partitioning one at the beginning of the column generation for each b. If
we substitute V= := V for V= := @, then the restricted master problem has
the standard set-partitioning constraints only. Two symbols II and LB indicate
an incumbent solution and its objective value, respectively. In our numerical
experiments carried out in Section 4, we take C(g 1y := {{4} | i € V'} as the
initial set of columns. Also, we pick branch-and-bound tree node b according
to a depth-first rule at Operation 4. The left node is chosen before the right
node is done. At Operation 5, Subroutine 1 returns fully generated column set
C(p,¢) as well as upper and lower bound information on (P(;, ¢y). An optimal
solution vector to the linear relaxation problem of (P(; ¢y) and its objective
value are denoted by uVb* and UBy,. Similarly, a lower bound solution vector
to (P(b’[)) and its objective value are given by u*»* and LBy,. The set V= is
Lp*

also updated in the subroutine. The vector w is integral, whereas u't* is

Procedure 1 BRANCH-AND-PRICE-TO-DENSITY-

MAXIMIZATION(G)

I: B := {0}, (Wo, Wp) := (2,9),V=:= 2, (II,LB) := (&, —c0)
2: C(p,1) = initial set of columns
3: while B # @ do
4: b := B.removeone() according to any branch-and-bound node selec-
tion rule

(C(byg),uub*,UBb,uLb*,LBb,V:) =
RELAXATION(G, b, Wy, Wy, C(,1y, V=)

W

SET-PACKING-

6: if UB, < LB then > (bounding)

7 continue

8: if LB, > LB then > (new incumbent solution)

9: (IL,1B) := ({C € Cppy | ut™ =1}, 1LBy)

10: if UB;, > LBy then > (branching)

11: {7,'1,1'2} 1= any {i,’i/} € V2 such that a;c,a;cr, a0 = 1,
ayc =0,0< u%”*,u[g’,* < 1forsome C,C" € Cy o

12: (Wapg1, Wapp1) := (Wp U {in,ia}, Wa)

13: Ciavs1,1) 1= {C € Cv,0) | (i1 € CAig € C)V (i1 & CNia &
)}

14: (Wapt2, Wapt2) = (Wy, Wy, U {i1,i2})

15: Cab2,1) = {C €Cpp | i1 € C Viz g C}

16: B.add(2b + 2,2b+ 1)

17: return IT

fractional if UB;, > LBy, holds, i.e., there is a gap between the upper and lower
bound. Operation 11 starts the branching scheme described in Subsection 3.1.
In our experiments, we simply search the relevant lists from their heads. We
first do the vector list uUs* from its head, and add the corresponding column to
a temporal list for each variable whose value is fractional. Next, for the double
loop of the temporal list and for the vertex set list, we check if the currently
selected vertex is contained in both of the currently selected column pair or
in only one of them. At Operations 13 and 15, we prepare initial column sets
C2b41,1) and C(2p12,1) for nodes 20 + 1 and 2b + 2, respectively. Only
the columns satisfying the “identical restrictions on subsets” branching rule
are selected. When the whole procedure terminates, IT is output as an optimal
solution.

Subroutine 1 corresponds to the content of Subsection 3.2. At Operation 1,

we let the set V>~ .| which appears in the restricted master problem (RP(Sb 1’.))

(b,1)
be V'=. After solving the restricted master problem at Operation 3, we let
u* and )‘zb, 5 be its optimal primal and dual solution vectors at Operation 4.

We solve (RP(SIJ,[)) by an optimization solver in our numerical experiments.
Note that an interior point method is applied to this problem according to an
indication by Vanderbeck [28] that fewer iterations are required for column
generation to terminate if an analytic center of the optimal face is provided as
the solution. At Operation 5, columns are generated by Subroutine 2 and the
generated column set is denoted by C. It any column is generated, then we
update the column set of (RP(Sb’ Z)) and solve it again. Otherwise, we define set
¥ and focus on each of the set-packing constraint set as well as the solution
value u* at Operation 1 1. If the value of its left-hand side is less than that of its
right-hand side, the vertex index which corresponds to such constraint is col-
lected in V. We make the set-packing constraint for each of the elements of Vv
the equality one, and go to Operation 3. If Vis empty, then it shows that all the
vertices are exactly covered. Recall here that C'is also empty at this iteration,
i.e., there is no unknown column which may contribute to the improvement of

the objective value of (RPS

o [)). The two facts indicate the convergence of the



Subroutine 1 SET-PACKING-RELAXATION(G, b, Wy, Wy, C, 1), V™)

1: 0:= 1,V<§’1> =V=
2: loop

<
3: Solve (RP(_b,Z))

4: (u*, )\Z‘b’ 2)) := primal and dual optimal solution to (RP(Sb’ Z))
5: C:= MULTIPLE-CUTTING-PLANES(G, b, Wy, Wy, £, Albe))
6: if(?;é & then

7: C(E’Z+1) = C(ED uc

8: Vibern = Voo

9: l:=0+1

10: else

11: Vi={i e VAVg, | oec,,, uicus < 1}

12: if V # @ then

13: Vi = ViUV

14: (=041

15: else

16: V==V,

17: (u"b*, UBy,) := objective solution and value of (RP(Sb,z))
18: ifut™ € {0,1} VC € C(y) then

19: (ul* 1By) := (u'b*,UBy)
20: else
21: Solve (P(4,¢))
22: (ut®*, LBy,) := objective solution and value of (P, ;))
23: return (Cp, gy, u”o*, UBp, w0, LBy, V=)
Subroutine 2 MULTIPLE-CUTTING-
PLANES(G, b, Wy, Wy, £, )\E‘M))

1: q:= l’v(b,e,l) =0,C: =0

2: loop

3: Find any solution Z to (S’E/llJLZPq)) with positive objective value
4: if Z is found then

5: C:ZCU{{iGV\V(%Lq)|§i:1}}

. 0 .— 10 ; 0 = —

6 Vintarr) = Vi VTEEVAVG ) [ 70 =1}

7: g:=q+1

8: else R

9: return C

column generation at the branch-and-bound tree node b, and the upper bound
of (P(p,¢)) is obtained at Operation 17. If «”6* is an integral solution, then
we have fortunately found the optimal solution to (P(b’[)) at b. There is no
gap between the upper and lower bound. Otherwise, we solve (P(b, g)) to find
an integral solution at Operation 21. The problem is also solved to optimality
by the optimization solver. Finally, the column set at the termination of the
column generation, the upper bound solution as well as its objective value and
the lower bound solution as well as its objective value at the branch-and-bound
tree node are output.

The content of Subsection 3.3 is coded in Subroutine 2. At Operation 1, let
C be a set to which we add new columns. At Operation 3, the column gener-
ation MILP subproblem (S’E/I')','{rq)) is solved by the optimization solver in our
numerical experiments. Note that any solution to (S'E’I')"qu)) with a positive ob-
jective value, denoted by Z, suffices as a new column to be added to (RP(Sb’ e))‘
We add, in our experiments, the first incumbent solution with a positive objec-
tive value found in the branch-and-bound process of the MILP. Here it is fair
not to rely heavily on heuristics implemented in the solver to find a feasible

mixed integer solution, hence we tune its parameters and expect an LP optimal
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Table 1 Instances.
ID Name n m Best-known
D) , |1
01  Strike 24 38 8.86111, 4°
02 Galesburg F 31 63 8.28571, 3°
03 Galesburg D 31 67 6.92692, 3°
04 Karate 34 78 7.8451 , 3°
05 Korea 1 35 69 10.9667 , 5°
06 Korea 2 35 84 11.143 , 5°
07 Mexico 35 117 8.71806, 3°
08 Sawmill 36 62 8.62338, 4°
09  Dolphins small 40 70 13.0519 , &°

10  Journal index 40 189 17.8 , 4°

11 Graph 60 114 957875, 7
12 Dolphins 62 159 12.1252 , 5°
13 Les Misérables 77 254 245339, 9
14 A00 main 83 125 13.3731, 11
15  Protein p53 104 226 129895, 8
16 Political books 105 441 219652, 7°
17 Adjnoun 112 425 7.651 , 2
18  Football 115 613 44340 , 10

®: proven optimal solution.

solution satisfying the integral constraint at a branch-and-bound tree node of
the MILP. This approach requires less computation time than searching for an
optimal solution. On the other hand, it may increase the total number of the
column generation iterations ¢. This discussion will be meaningless if there
exists no solution with a positive objective value; in such case we have to opti-
mize (S?’Z')"qu)) to prove the nonexistence. After solving (S'(‘"b'!-Zq)) we remove
all the element of Z from the formulation, and solve the problem again. We
get out of the loop if there exists no solution with a positive objective value or

all the vertices in V' are removed. The set of columns to be added at the next

column generation iteration is returned as the output.

4 Numerical Results

4.1 Instances and computational environment

We solve several real graph instances seen in the literature by our exact
branch-and-price approach. For comparison, we also solve them by the best
MILP formulation called MDB by Costa [5], and by our branch-and-price al-
gorithm in which the column generation subproblem is (SLQZ)P ) modeled by
de Santiago and Lamb [26] with the branching constraints (7) and (8). We cal-
culate the upper bound value of the contribution of a community required as
input of MDB by the parametric algorithm by Dinkelbach [9], as Izunaga et al.
[14] did.

Table 1 summarizes the instances. They are from Costa [5] (IDs 01-10),
Costa et al. [6] (IDs 11, 13-15), de Santiago and Lamb [26] (IDs 12, 16) and
Santiago and Lamb [25] (IDs 17, 18), respectively. For each proven optimal
(IDs 01-10, 12, 16) or best-known heuristic (IDs 11, 13-15, 17, 18) solution,
its objective value and the number of detected communities are indicated as
“Best-known D(II)” and “Best-known |II|.”

The programs are implemented in Python 3.5.2, calling the Python API
of Gurobi Optimizer 7.0.2 (developed by Gurobi Optimization [13]) to solve
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Table 2 Solutions by our approach.

ID #b Optimal
D, |
01 1 8.86111, 4
02 1 8.28571, 3
03 1 6.92692, 3
04 1 7.84510, 3
05 1 10.96667, 5
06 1 11.14301, 5
07 1 8.71806, 3
08 1 8.62338, 4
09 1 13.05195, 8
10 1 17.80000, 4
11 1 9.75238, 7*
12 1 12.12523, 5
13 1 24.54744, 8*
14 1 13.48249, 12*
15 5 13.21433, 9*
16 1 21.96515, 7
17 -°
18 -°

*: newly found solution.
©: timeout of 3,600 seconds.

the LP, ILP, MILP and IQP problems. The instances are solved on a 64-bit
Windows 10 PC having a Core i7-6700 CPU (fore cores, eight threads, 3.4—
4.0 GHz) and 32 GB RAM (the actual usage is less than 3 GB). We stop the
algorithms after 3,600 seconds (one hour) if the corresponding instance is not
solved within the time limit. In a case where our Procedure 1 reaches the limit,
we collect all columns generated until then and solve (P(b, g)), giving a lower
bound solution.
4.2 Solved instances

Table 2 shows an optimal modularity density value and the corresponding
number of communities obtained by our Procedure 1 for each instance. We
let “#b’ in the table be the number of branch-and-bound tree nodes processed.
We have found new and optimal solutions for Graph (ID 11), Les Misérables
(ID 13), AOO main (ID 14) and Protein p53 (ID 15) instances. Above all, the
result for the last instance is remarkable; the column generation at the root node
of the branch-and-bound tree has provided a fractional upper bound solution
and five branch-and-bound tree nodes have been processed. Figure 1 shows
the branch-and-bound tree. This result justifies the necessity of our branch-
and-price approach. The instances having up to 105 vertices have been solved.
Instances IDs 17 and 18, which consist of 112 and 115 vertices respectively,
have been shown to be intractable after 3,600 seconds of the computation.
4.3 Computation time

The computation time depending the solution methods is summarized in
Table 3. The symbol ‘MDB’ means the best formulation by Costa [5],
‘BP—(S'(%D )” our branch-and-price approach combined with the column gen-

eration subproblem formulation by de Santiago and Lamb [26] and ‘BP-

MILP
(S(bvl,q

last approach, ‘SRP’/‘No-SRP’ and ‘MCP’/*No-MCP’ indicate that the set-

>)’ our approach with the MILP subproblem formulation. In the

packing relaxation and the multiple-cutting-planes-at-a-time techniques are en-

Branching strategy

UBp = 13.22153
LBg = 13.21122

0 e < [uBy = 1322153
)T 1y = 13.21122

UBs = 13.21433 G UBe = 13.19581
186 = 13.19581

LBs = 13.21433

UB; = 13.19581
LBy = 13.19581

Fig. 1 Branch-and-bound tree of Protein p53 instance (ID 15).
Table 3 Computation time (in seconds).

ID MDB BP—(S'%D ) BP-(SPT )

SPR SPR SPR No-SPR No-SPR

MCP MCP  No-MCP MCP No-MCP
01 0.6 0.9 0.4 0.3 1.0 1.5
02 0.5 3.7 0.7 0.6 34 5.0
03 1.1 4.5 1.0 1.0 4.8 7.3
04 0.5 4.3 1.3 1.0 7.9 8.9
05 8.8 11.3 1.0 0.9 6.0 10.8
06 88.1 3.8 1.3 1.2 6.2 10.0
07 9.6 12.5 3.2 3.5 119 20.7
08 34 7.0 0.8 0.8 3.8 12.2
09  2848.4 15.8 0.8 0.6 5.1 154
10 651.0 6.4 4.7 3.1 25.3 44.3
11 - 11944 54 7.8 46.5 190.4
12 - —° 184 18.6 84.2 419.3
13 - - 71.6 60.7 154.6 335.0
14 - —° 3.8 15.6 82.5 1436.5
15 - -° 2235 134.4 1227.5 -°
16 - - 2428 498.2 - —°
17 _© _© _< _° _© _<
18 _< _< _© _< _© _<

©: timeout of 3,600 seconds.

abled/disabled, respectively. The best result for each instance is marked in
bold. Note that the computation time of MDB includes that of the upper bound
calculation by the parametric algorithm, which has been solved instantly for
each of all the instances. As a whole, column generation to the modularity den-
sity maximization has outperformed MDB for the instances having 40 or more
vertices (IDs 09-16), and the MILP formulation of the column generation sub-
problem has been easier to solve than the IQP formulation has been. Note here
that our branch-and-price approach as well as MDB is deterministic and the
computation time is not affected by any stochastic behavior. The set-packing
relaxation has dramatically reduced the computation time for the instances hav-
ing 60 or more vertices (IDs 11-14) and has enabled us to solve the instances
having over 100 instances (IDs 15 and 16) within the time limit. The multiple-
cutting-planes-at-a-time technique applied to the standard set-partitioning col-
umn generation process has been shown to be quite effective, as it was shown
on the modularity maximization by Izunaga and Yamamoto [15]. On the other
hand, the positive effect of this techniques when combined with the set-packing
relaxation has depended on the instances. We should note, nevertheless, that
the largest Political books instance (ID 16) among the successfully solved ones
has been optimized in around four minutes by applying the both techniques.
Table 4 shows details of our column generation results with the MILP
subproblem formulation. In this table, we let “Y_ £’ be the total number of
the column generation iterations over all the branch-and-bound tree nodes,

> C(b,0)|" the total number of columns generated over all the nodes and



Table 4 Column generation iteration results.

C T,

SPR SPR No-SPR No-SPR

MCP No-MCP MCP No-MCP

L3 Ch.nl IVED 6> [Ch.pD)
0l (1, 52, 1) (34, 56, 1) (64, 104) (120,  143)
02 25, 72, 1) (36, 65, 1) (153, 205) (331, 361)
03 36, 76, 1) 48, 77, 1) (202, 260) (432, 462)
04 40, 83, 1) (55, 87, 1) 317, 377) (481, 514)
05 35, 84, 3) (55, 88, 3) (217, 295) (562, 596)
06 31, 84, 1) 45, 78, 1) (231, 300) (499, 533)
07 46, 89, 2) (57, 90, 2) (325, 384) (635, 669)
08 (25, 87, 0) 48, 83, 0) (164, 244) (688, 723)
09 (21, 90, 0) 47, 86, 0) (189, 285) (850, 889)
10 35, 84, 1) 42, 80, 1) (483, 560) (1056, 1095)
11 (64,169, 7) (134,192, 7) (663, 878) (3222, 3281)
12 (77,188, 5) (147,207, 5) (953, 1107) (5140, 5201)
13 107, 227, 12) (171, 245, 12) (809, 960) (2925, 3001)
14 (47,189, 1) (135,216, 1) (907, 1145) (10234, 10316)
15 (143,329, 1) (231,331, 1) (2086, 2554) (14381, 14484)°
16 (117,311, 6) (327,430, 6) (4497, 5372)° (10527, 10631)°
17 (112, 223, 0)° (112, 223, 0)° (6284, 6424)° (8372, 8483)°
18 ( 60,191, 0)° (98,212, 0)° (4135, 4392)° (7991, 8105)°

©: timeout of 3,600 seconds.

‘V'=" the total number of vertices whose corresponding set-packing constraint
has been changed to the set-partitioning constraint in the algorithm, respec-
tively. The best result in terms of less numbers of >~ ¢ or 3 [C 4| for
each instance is marked in bold. The set-packing relaxation or the multiple-
cutting-planes-at-a-time technique has dramatically reduced the number of col-
umn generation iterations and generated columns. When it comes to the total
number of generated columns, the positive effect of the combination of the
techniques has depended on the instances. A low percentage of the vertices
have required the set-partitioning constraint, which supports the set-packing
relaxation. Here let us focus on the unsolved instance ID 17 even though we
have applied the set-packing relaxation. With or without the multiple-cutting-
planes-at-a-time technique, (RP(Sb, [)) has been solved instantly for every (b, £)
and (SMILP

(b,¢,q)
q when we have enabled the multiple-cutting-planes-at-a-time). The column

) in short time until (b, ¢) has reached (0,111) (and for every

generation subproblem for (b,¢) = (0,112) (and for ¢ = 1), however, has
not been able to find even a solution with a positive objective value in almost
(b0 i.e., the dual solution of
(Rbe Z)), that is obtained by an interior point method. We have also tried a

one hour. This is caused by the value of A7

dual simplex method, which in turn has caused an extremely slow improvement

of the objective value of (RP(Sb, 0

solution values has not resolved the issue. A similar result has been observed

) over (b, £). The midpoint of the two dual

for instance ID 18.

Figure 2 plots, for Les Misérables instance (ID 13), the objective value of
(RP(SEJ’ é)) for each iteration counter value £ (b = 0 since the instance has
been solved to optimality at the root node). The numbers in parentheses in-
dicates ‘7 in Subroutine 1, i.e., the number of vertices whose corresponding
constraint has been changed from the set-packing to the set-partitioning one at
¢ + 1. This figure clearly indicates the positive effect of the set-packing relax-
ation. For this case, our algorithm with the set-packing relaxation and without
the multiple-cutting-planes-at-a-time has required the least computation time

in spite of more iterations than that with the both techniques. That is since
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Fig. 2 Column generation for Les Misérables instance (ID 13).

Table 5 Lower bound values calculated after timeout of
3,600 seconds.

D CG-(SQ’;,[';Zf’q))
SPR SPR No-SPR  No-SPR
MCP No-MCP MCP  No-MCP
17 —33.63636 —33.63636 6.63063 6.63063
18 27.05238 13.50693 3.57018  3.57018

(S?Ab”_épq)) is solved only once for each ¢, whereas the multiple-cutting-planes-

at-a-time technique has to show that no column to be added is left for some
q’ after removing the vertices found at ¢ = 1...,¢’ — 1 unless no column is
found at ¢ = 1. We have observed a similar result for instance ID 15. For in-
stance ID 13, the set-partitioning constraint set VE 0 has been updated twice

as it is depicted in the figure. We note that V-

(.0) has been updated at most

once for all the other solved instances.
4.4 Column generation as heuristics

For the unsolved instance IDs 17 and 18 applied to our branch-and-price
framework, (P(b’ 4)) is solved instantly after the timeout. Table 5 shows lower
bounds of the objective value obtained in this way. The best result for each
instance is marked in bold. These values have not exceeded those obtained
by Santiago and Lamb [25]. This fact shows that the column generation is
not necessarily a better heuristic method than the state-of-the-art heuristics for

instances that cannot be exactly optimized.

5 Concluding Remarks

This paper has presented an exact algorithm for the modularity density max-
imization to provide a clustering solution of an undirected graph. The problem
can be modeled as the ILP formulation of the set-partitioning problem, and
we have proposed a branch-and-price framework for that. The acceleration
techniques called the set-packing relaxation and the multiple-cutting-planes-
at-a-time, combined with the newly introduced simpler MILP formulation of
the column generation subproblem which is solved repeatedly, have enabled

us to find the new and optimal solutions for the famous test instances: Graph,
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Les Misérables, AOO main and Protein p53. Political books as well as Protein
p53 instances that have over 100 vertices have been optimized in around four
minutes by a PC. Our solution method is deterministic and the computation
time is not affected by any stochastic behavior. For Protein p53 instance, col-
umn generation at the root node of the branch-and-bound tree has provided a
fractional upper bound solution and our algorithm have found an integral opti-
mal solution after branching, which justifies the branch-and-price.

Future work would include a combination of heuristics and our formula-
tions with the acceleration techniques to find a column in the column genera-
tion phase for unsolved instances that have over 110 vertices. Such heuristic
methods may avoid much computation time that is necessary if we try to find
a column by solving our MILP or possibly any other optimization-based prob-
lems, for a given particular dual solution value of the restricted master problem.
Nonetheless we must optimize the column generation subproblem expressed by
any form at some iteration when we decide whether we can terminate the col-
umn generation or not. It is unclear if the optimization problem at that iteration

is easy to solve.
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TR D, FIEEILEA TORKECESRL L T, FliEA
MEHIANCH Y, AHEICEREZRF LTS, 55 mm i TERN
ERL, TOBRIEHL TN ZEBmn5.

3. BERROCAG—BEREZEREHLRORELFIE—
WELDBER =7 OEST =2 20 fle LT BT
EAEREE T 7 o b SIS LEBROIRE ERHIEIC OV TR~
5.
AH, BEEZETEE A

<KL, EHRBIY, FFICpER AR
FEIE CIEMERA KRR LD LR > TS, Lo, W8 idiio

TR W B OMEREZ 17 E3 2 H W) T o RS 3 o & JE 1
b - MBI E - T, SRS E O 22 REET 5 720 O
PR CETEN TV D, BABERETS T bl &k V22
THEELETLICEAMICOVTORFRLERNERE SN TH
DA TIEEEEREE A WicA A —T v THEBEO AR ~D R
ZOWT, ZHEPORMEEML TWD. £ 2T, IR AT
RO BERIEIC L BRE S AT LAERES L, IEC 60601-2-37
EREZHRUWE LT 0EI 7 7 o N AR, T OWHE O 2 K ITIR L Sy

20 -15

Sound pressure [dB]



FRE ZATV, RSy Ai & RS ) o0 BRI 2 sk b 72
Z 2T, IEC 60601-2-37 (T FEH S AU T U 2 A (AR R A AR 45 A4
(TMM : Tissue Mimicking Material) 0B f:43 3 & 25 |2 AE (RIREFRL
iz B S 2 TMM 7 7 > b A OERZAT VS, 1E ER BRI
7. TMM 7 7 ¥ F AIZADFETELND 2, FlAlnRkEBY
WAERLZ AT > Th, BUSICTRI SN TV AIEAE T 2 — & L 2 [FH
LT A—=2EFEDT7 7 b ABHKR D HREIL V. 22 C, fliH
TB7 7 v b AR B ERS X OMIEZAT ) AN, R - B
WX T A =B % POREL, FHAT XA —2BRERERRNZ L
AR L. 77 NAOWE T A —2 L UTEE, WEL, 25
T, JEARE D 5 DI O WTHIEZEIT o 72, BEL - TMM
77V PADOFEEEM6IIART. 77 P AOKRE SIEME &
SIMNENZI 90 mm DOSFETIER L, RT 2 0% 5. £z,
725 RV SR WD & Wi A IE D BRICE R < B
BMCELEIMEZT 7 VNV —ATHES>TWDH. JE LAY
BANTA—HHFK 1IORT. BERRONRT A—4 LIZIERED
RPN

#1 TMM 77 ¥ F AOYBERT A —2OJERF

NT A =4 AL SCHRAE Ty Al Ty A2
i [mJs] 1540 1520 1540
ik [keg/m’] 1050 1040 1050

R K [dB/(cm* MHz)] 05 0.5 0.8
i [V(kg-K)] 3800 3600 3800

EY S [W/m-K] 0.58 0.5 0.48

TMM 7 7 & b AOTRE EF-OREICITRNRE D A F &M Lz
[10]. —RRAGICHRIMR A A TIXRIE RIS & OB FVE L, HIE
TELHEPANHL 220, BB AR T D7V v ROK/NMRE~HE
DNEL 725, AREIHAWTZIRSNR S A T DS AT RS 72 /MR T
300mm TH Y, Z DL & ORERB MM & 12137 mm & TMM
Ty NARFRNELHETEH S,

AR COWE B FERS LOBEBRICLI2WED T 7y 7 X%
M 71RT. BEFE T —7 (M7 VAT 2—%) ORI
T o VZBY, TMM 7 7 > kAl a%éﬁﬁ I U 21T o
7. TMM 7 7 ¥ b A0 FEICIE SR 2 85 < 7o O Wi b & B 7.
ZNZRORGE TH D 7= FRSTRER A 8 L 7= 212 %%%tmﬁﬁu
Ty N AOWE 2 < & RIFEICETIE S S 300 mm fEdL 72 A7 IS
B DIRINRA A T\ CENE R % B U, IR EE A & FIAR L L7z, b
FUAT a—FETOELEFWMEL, ZONMEVBEKR T2 —7

M6 Akl 7 FADEHE
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Radiation
Function Amp Transducer
generator (1 MHz or 3.5 MHz)

Split phantom —|

Reflector or absorber

Measurement

Split phantom

Infrared camera

Reflector or
absorber

300 mm Vibration-proof
material

7 RIMES AT WK T 7 B ARND
R 3 A O ATARAL
DB S D HATRERS 720 OB F O R X LF —Th Dl
TR AR U B OB e PIC XA IET AR <0
KFRBGES D ETITo 2 RIMVRD A Z I3 i@ T &bk 57
OBFRAICEE L., £z, AREEHCCBER Y 7 —7 0B E)
ATH 2 & T, EEE U E CBEFERBR AT 5Lz o
DLEBEFW T m—TORLRT 7 b A EROPLA T D
9 TMM 7 7 > b A OB % Pesb 7o BT I S s Bl &
%<kwn%%w@t.
WZHRINR T A T 2 - T AR T 7 2 b SN OTREE 5341 O
ﬁ%%m?.%%btuaﬁ®mﬁﬁmle,ﬁ&m7z
Wiem?, T 2 —7 (i’ 20% T 5. BEWRIC L DIEAE 0 120
ToXnTERENS.

O=2al 1)

LTI 7 7 v N LADBESRR, [IZRERORETHD. OF
B O G U CRE X LA T 5. BRAENS & LR

(=]

20

40

q U

80

Distance from transducer z [mm]

-45 =30 -15 0 15 30 45

Horizontal direction x [mm]

\ \ \ [ro—
0.0 0.8 1.6 24 32 40 48

Temperature rise [°C]
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BT DL, AIMS-THC THIE L 72 B35 3 0 3555 25 A7 (2 bt L CIR g
BERTD. M5 ER8HLARDE, BEFENIRAL 2D EANE
ICBWTIREN KK E R->TWD. Ko ICT a—7 bl o E
EREST AR, K8 EEEEIS, T u—7 b O 55 mm OfLE
DIEIRE L 7o CTnD . —J7, FREET B OSAIEE 8 OF 555
LHARD LN LTS Z ERSNE. ThiE, BEKRT
B LT BADMR 2 IR DR W EIRIC BBl L 727 Th D, 20
7o, WESAR & FEEHAmIILT LA Ly, K107 e —7
B OHEEESS mm TOHAL T AICIRE EA S fMErRT. 266 5l
T OFHIT A TR A LT 5 BERIZATRE Y TH 5.
LanL7ensn, RRIEEESMIE, A L-BEE o —7 0k
e —HLTWVWDH I L6, AIMS-IIZ L - T, HEc@BE 7
0= OEEHEMET D LI, ERERO ETEETHD.

4. %8
AT 2016 42 B T30 R 7 S50 HE S B R (i e 0 i CHIEA L
72 Onda ALBUKEBREE AT A L, T E##E L7- Onda fL5L
AIMS EERENE & A7 A (BFR AIMS-IT) (2 X > TH B L7k
RIZOWTHB Lz, oI, BERAERERE 7 7 > b SIS
L2 BRI E ER OREIC OV Tk~ 7= 835 I 2 O 72 3
RELMBREBEBH OB LTI LT, BEFHICED B L LTozx
MR TG Ai e MD 2 EIXEETHSH. TOM, KEFHY AT
LR S VT AIMS-TNTFEFE ITH N REEETH Y, RO A5H
DIEROIZDITITEE R ELEE TH 5.

il

ZE Sk

[1] HARE TR TRESR, Gl BTN R T v 7
a4k (1987)pp.1-11

[2] Y Saito, T Ishizeki, T Tsuchiya, N Endoh. Numerical Analysis of
Temperature Rise in Tissue Using Ultrasound. Jpn. J. Appl. Phys.
44(6B), 4600-4601 (2005).

[3] Y Saito, T Tsuchiya, N Endoh. Numerical Analysis of Temperature
Rise in Tissue Using Electronically Focused Ultrasound. Jpn. J. Appl.
Phys.4, 5 (5B), 4693-4696 (2000).

[4] EFRETT, LRGN, 85RO LERNIEE LRICBT
LEEATORED 7 7 P AERE Y I a L=y g L OLER
&, Jpn. J. Med. Ultrasonics, 35 (2), 73-181 (2008).

[5] JIS T0601-2-37 (% 2-37 &6 : =15 P Wrdkii e O = 2 B
A OZ T T AR ERFE) - H AN (2005).

[6] NCRP. Implementation of the principle of as low as reasonably
achievable (ALARA) for medical and dental personnel. NCRP Report
No.107, Bethesda, MD, USA, National Council on Radiation Protection
and Measurements, (1990).

[7] TRE(EM, “BEROLEMEITONTT,
(2008) .

[8] BABEREYS, SHHBEROLZEMEICHET 5 LM, &
FTILES 11, 41-46 (1984).

[9] WFUMB, WFUMB Symposium on Safety and Standardization in
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Medical Ultrasound, Synopsis, Ultrasound Med Boil 18, 33-737 (1992).
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Quasi-Steady-State Photoconductance Measurement System

Nobuyuki MATSUKT*

1. #&&

BUE, M5 C TBER = 3L X — ) OWIFAEE Lie> TV 5.
WA, R ROTMME CH I v 7 72 T —FERAIME VR A
PHMGE L, WAETREZ AL —~EE RIS 2 &0 ) E5 00
SRz 5 2 =0 £, BATRT ALY —FESEERERO
BEAMS 7Y =R B BREiE) OTlisg b SEICILR L 2017 47
WA 17 JEMICE THRET 518 o 7P HAEET XL ¥ — 0
AT, HITCHIEREREE & AFHDO KRR T 2 Ml e B ClEe <, v
VXARAETIZC Lo THEGISNDOEMICEALILEWZ D, 2016 F
BE, 2RI BIT2REREOOI DL, BRI ALF 2L 2FAE T
245%L 72> TEY, TOWNRIL, KT 16.6%, AT 4.0%, A4~
2 2.0%, KBt 1.5%, MEFEFRHE - KEGEL - HIBVEE 0.4% CTh 201
KIGFE BN B D KEEM SR E, EERPE L, Tk L
IRFEPHICBEAE O ik HICRRET D 2 E N A TH Y, FMhoRE
FREHBLTEAR FBMENE VI FEEZALTNS. 2O
B E & KBS B ORI LV, folt 10 4E [ TAUEICE A &
AR L, 2016 FFITITRREE AR 303GW 272, Ziud, 13
91 GW ) OFEHER 72 5 ) ZE FE T 303 M43 IS 375 .
KIGEMITIEE 1 IR T LD ITA RN Y, = Lt
DMEZ R B S5 720 ORFFEBE RS A3 R & E CIEF /T h it TV b
W EFIKFELT BT 7 A Si A Si(a-SitH/e-Si) ~T n S
KIGEMMOERHELZ S OICH LT 5720, a-SiH & cSilck b
T v S OGRSV TR T D B R E B AR AR
& ( Quasi-Steady-State QSSPC
measurement) %, /N/V7 Si RAKBEMICE T 0%+ Y T HEMGE

Photoconductance Measurement:

WET2FETH Y, BUE, RIMEOBIER 72 MEREZ 3H 3 2 72 D
=1 BLAROKBEMEZTORE
o | JETEZ ot PIEIEIRS FE¥AL
HRR b = B %) %W | 72—x
e Sipn #EL 26.6 »
%% Z 55 Si 223 A
G100 wm) S Hesi ~7 = ®a 26.7
" a-Si:H 10.2
e pe-Si:H 11.9 el
L a-Si:H/nc-Si 14.0
(<5um) |CIGS 22.9
CdTe 21.0
Cu-Zn-Sn-S-Se (CZTS) 11.3
- INTA R T A4 b 20.9 TF2E B %
o |1 : -
A (s um) [EREER 12 Beli
EES 11.9

WFFE L UL T B AL T 2 /INETRE C O fie i 2 =1 4L

e EKE IR LR
Associate Professor, Dept. of Electrical, Electronics and Information
Engineering

ROHEENRFEOOESE LTEAS VLR TN,
ARG TIX, R 28 R LPE N E A R I K0 B E L -
QSSPC DJIEJFHE « Rk & i E AW RICHOW TR T 5.

2. BMERREACEEATEE

HEFIREBAEERE (DLT, QSSPCHIE) i, SiZEo i
KOZNCT7 T yvaFZr 7EREL, ElSnimEx v 7
DHEREA LR DR 2R gL, P8Ry = S E
R R A 2 A M Ko CHEERRTEIT 2 FIETH L. 2o
FHANC L0, EEAERRNDEX X ) T Ha s, KRS S LGS
BN D RABREEM FRBAKEE) Ve %k 5 2 LA
T 5.

p B Si NIZI 1T 2 0%8% v U 7 B En ORI b1, & #1722 e IR
SHC L 2% v U TAERGEEG, (s'm?), KM L 2 FiEAHER
(s'm?) ZHWTU TFoORXTERIND -

dn _
dt

ZIT, BEAEE RIIn-—ng (ny : SERMETIREE=SCEHERIREE O
D VT EE)ICHBI L, DR U T BT K BT D DT,
R=—-ny/t, b EKED. 77 v aT 7HOEMEERNBE ms
BETHY, 2OV BXv VT T4 754 L0820 1/10 BEOHE
Wi, A8 v VT EEIRRFR AT T du()/dt =0, TP H(1)5N
IZBWTG, = ROBEFIRIEL Zle 5. ZOFRMEEDHX0D,

n—mn,
G, = ——

G.—R 1)

&)

Te

WEMND. E AT, 7T vy a Ty FRBEICL VKT H5E
FEopnlL, FEM g, WRLIZFY ) THEEM—ny), BIE(u, + 1)
EHOWTROAXTERIND

Tpn = q(n —10) (in + 1) 3
FRG)ZEQIMRALTCh —n)EHETHZLIZLY,

T, :—Uph

¢ g6 (un + 1)
DNEDALD . o 18 JE R A B T IR R AR BT R B R L 0 L
THIENARRTHY, GUET7 Ty v a T THOMKN 7+ U3
Now, FERORE N ErnHA 6N HREEBEA -r)BLUED
RAEAE VTG, = NypA(L =)D RS B d . E72(uy + pp) 1
PERIZOWTT TIRD LN TN D B RMEE D Z LN T
5. LEOWELFHELZ T 17T AHENICLVITY) 2828 oT,
TRRESIND.
BB A K B A 0 B Y 70 B O FE VP e, AT n, IEALYE

4
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Ep, BEXY VTEE 2T TORBERTESNLD ¢

et = S (Z—’Z) ®)
ZIT, KIEARNY = E, TIKREZE£T. ST oI FHR
ETHRORD Y IZRRIDES vV TEEr—ny, p DRV IZRE
U R—=TRE N EAVTEN, + (n—n)ZGICHEMT . o0, K&
YERIEICH S T 2 2 B L7- A ORFD X v U 7 BEL

WFHZLIcEoT, MMM RHMELEEZRDDLZENTE S,

3. MEBRENGEE (QSSPC) AE VAT LDERK

X 112, AHAFJETE A L7z Sinton L QSSPC HIE > 2T A DAV &
R RV AT AL, QSSPC HIEZEE, AJ) - fRE AR (BLT
WA) B L O - HEH =Y rarEa—4% (LLF, PC) I
Lo THiEp SN %, K212, QSSPC MIEHE DIME AR . [AI%ER
7 Ivvag vy, 7T vvadryIHarT oY, @AM
ARIEE AT E S (LA, JEE) LRSS, JE O
NI FO B0 Th L. JIEMN B EEER Y 2 E L, RN
RN T 7V r—va T D pn B PR - B E AT
T5H. FD%T T vy a7 IHERBRE TS &, WIEHOFER
ABPEIEEN PCICWMVIAEN D . BEMABIEIGE T — 7 13O0
Wkt T2V EF v VT T4 7 XA DORENT — 2 ICE RS, &
ERBIETICBT20EF Y VT T4 744 DEFIHT S,

4. HBSIABELOLEF v ) THMATHR

LR E SIN IZ X - TRy v _N— g VAN L= T
7 AT ¥ B ST (e-Si) T AOREFIC OV T TICHRNS . &
Z 155 um, n i, #KHIE 5Q-cm D ¢-Si VDL F v VT FHi ks
X3z,

Ei (20°C) THIE L. FHEDRREZRT. DEF v

75w>15>7|

Jov>a15>TH
a5y

)| SREKRSmAE
> JEERARKTEAIERD

2 QSSPC AIEEE £

VT FEaET DI OEEREN IR v U TEETH D 3X 108
em? IZBWT 13 us THDHZ 0o D (K@), £72X 4 120%
F o U TEEED DB & I T Vel oo B i B B (R TR A R T
T NAT v TRIZI o TV D DR FIEEN 10 mV & 725
TWHEDTh %, EERBIHE 1 sun 1IZH0TYe?® =0.64 V
ThdZEnbirsd (KhO).

-
o
w
T

113 ps

Minority cerrier lifetime (us)
8’\)
T
1

10

T N
Minority carrier density (cm'3)

3 HfE&E SiVI/NGD QSSPC AIEHRR

0.80 ——rrrrmr——rrrrrr——rry
0.75 E

070 [ ]
+ 0.64V 1
0.65 |- ]
0.60 [ ]

0.55 |- ]

050 Lot vt i il
10 10" 10° 10" 10°

Illumination (suns)

M4 BERSIIINOVICIEH BB HBERESE

Implied open-circuit voltage (V)

5. SOEMH

a-Si:H/c-Si ~7 R A KIGEMIZB T D ~T v L FEoOR A R
Wil &A% v U 7 Fa L MBI, KEBEm A Sy v —
¥oa VMBI O B~ QSSPC IE v AT A DTG A HEET 5.

6. 5

Si R AR TE LB FE I L FEAN A R 72 QSSPC M|ITE & AT A% B L,
B S Si v O HF v U 7 Fav B X OHE R B R E O FRI 2
1To7-.

7. B
ARG TR LTz QSSPC MIE & A7 AT FRL 28 4 T2 &
BTSRRI 1T 10 S S T

SE Xk

[1] Rockefeller Brothers fund, https://www.rbf.org/mission-aligned-
investing/divestment; BBC NEWS, https://www.bbc.com/news/
world-us-canada-29310475 (2014).

[2] PRk 29 FRRERBE B, BREEA (2017) pp. 45-47.

[3] Renewables 2017, Global Status Report, Renewable Energy Policy
Network for the 21st Century (2017).

[4] M. A. Green, Y. Hishikawa, E. D. Dunlop, D. H. Levi, J. Hohl-Ebinger,
M. Yoshita, A. W.Y. Ho-Baillie, Prog. Photovolt. Res. Appl. 27 (2019)
pp- 3-12.

[5] MAARMTT, TWFZEFTATH No.38, #iZs)II K% (2015) pp.3-16

[6] R. A. Sinton, A. Cuevas, and M. Stuckings, Proc. of the 25th IEEE
Photovoltaic Specialists Conference (1996) pp. 457-460.
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Education and Research Using the Digital Fabrication System

Masato TAKANOKURA”® Hideki KATAGIRI™

1. E{FHIFOKE - 55
RETFEROETHLE S VHEMEZENETH L3 VA
N R S HE R OE R A B E LT, 2016 FEEICT Y
VT TV r—a AT AEEALL. KV AT LT,
3DCAD 7= Mo EMEERT H3D 7NV H T =T ) 2 L, x4
WOEMERE A 3DCAD 7 —4# L L T2 v Ba—X(ZHYiAte 3D
AX v T nbEREND. RUATLEAICLY, 3 REETF L%
FAWTT 7 3 0 IS U B T30 %E & BFIE i HE
ol

11Z/RT 3D 74 5 —7 Y & (Mcor IRIS 3S Printer) X, H
722240 5 100 AL EDEREMR 7V 7 —C, MhOMEDE
WEELIZ3WRIA T V=7 beUETH 2 ENMTELHAETHD.
EBRICERT T RO 3 WL TV 2 TOEFELE R, HIR
L 1 A CHERIZITY, B EERREER T v 2 —h v R
&, MR~ DAt A BEITTITA S, BT M EHE, —ik
WCRFEENTND A4 I —HKTHD. ik ENosmET L
IR T, BB TEARAVBRICEEENEBEND D, kK
DD TV FTRELWVRRBOT y VMO ORALAETHD.
X 2 12779 3D A%+ 7 (NextEngine HD Pro) 1%, /AR & 70l
T, AL ETWOTEHPIRIZ 3D AX v U &(TH) 2 ENARETH
L. MAOY VT L—F =GR BT — T VOMAEDEIZLD,
HOPBIBIROAF v RARETH Y, I HITAF v & FIFFICR
WOBEHRO WG T D, £/ 3D AFx vy FiCEliET —7 v
(MultiDrive) ZfHABbED 2 & T, xR AETHBINZR A%y
VU T EARICLTWS. BN H TV N OBRE E TE B
LT, MBADLELEDET YY) v 7 HEIAX vy U2 EHLT
Wh EHICAF Y U LEART — 2057 4 —F ¥ —X—2Z CAD

WEHEZ R TR

Associate  Professor, Dept. of Industrial Engineering and
Management

THEfR RE TR

Professor, Dept. of Industrial Engineering and Management

TEFE RE TR

Research  Associate, Dept. of Industrial Engineering and
Management

TUEARRE RRE TR

Technical ~Assistant, Dept. of Industrial Engineering and

Management

Mitsuhiro MATSUMOTO"

Masahiro NISHIKAWA*** Yusuke SAKAT™"

ETNVEERT DY 7 b =7 (RapidWorks) ZflAGbEsd 2 &
T, VNR—=RZr V=7 V7 HERRAL TS,

X1 3D 7Y % (Mcor IRIS 3S Printer)

2 3D A¥ ¥ F (NextEngine HD Pro)

2. BEICHITIHR—ERAEAXTOFA

2 FRETHI O ER B TILAERE ) CIE, AR - B e
DR R HUE O E A XNV E2E/RTLHZ 2N, BREEE
SRR DR LST, EERSSMXOEN e & A& BRI L <
Wh. REORREE UCRRXE, EREE, SEAk REREY
NERS, SIEROEE T EFATHS. L L, 2 ERETHIOE:
BECIE L CTRIXO A F O, RN R A i < # B A 972
FEB %L, BTV R AR TR RT Z SICHERRES 2L S
ZENRZW. FETE S ORBEBDIRNVEEL LN Lnb,
AR O W AR, AL O & AL CCRIE R S D 2 &
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EAA—TTHIENEHLWVEEL S,

R TR O EAE D IR & " SR O A C X D7 HLY B
RZEZHMIZ, 3DFYV U ZEFEALTVD. K3 ITRT X
HEORSRZ T2 FAENERMICHEECX 2 ko1, MKOR
AL 72 B4 Aa 3D 7Y X TEIB LT, BEPICEENRLE T

IS THFETE 52 L9ICL T D, M4 IR T Lo, Hk

O % 3D 7V X T LT, b O Wi R SR N & R AR
WRACERMR XD L5 LT 5.

PEDE ST, 3D 7Y »HDEFEAICE - T, L OFENRKEES
ZIE U T 3 RIT DR E 2 FHEICE LSRR TES L5
7Y, BETEROEO—2THDHE /3 FIROHFICEH VD)
RrHEZbBRATWD

= 5]

X3 3D 7V ¥ TR LG

X 4 SLORKEE O B

3. MIRICEAT SR

BE AT LLFHFRENB ML BNEST v L YT n
T ETOMBN, TIHNT 7TV r—a VAT LEIFAL

CABRNEFRTF v LT s T A, EREEICL S FED AN
MHW%H%&L:=%%&ﬂﬁniu77AT%5m,ﬁfuﬁ
T LAOZNAEFENER T 2R REPIIERE L L TRESH, £
AU L CBMRFED AT — 2053 T/ - BEBIANICHFZE AT\,
TR TEIMEO S PR ARV A — & L THRET D/
TEME SN TN D, 2017 FLEEICFEM S 725 14 B R)IEET v
LT R T AT, RE VAT ATERREL (R) TAY—
B IBEREO ==X WA= ER— R ZD~—F
T4 v TS OIRE ) DT —~ O F, FEEEE O MR
vy e/ hEFEM LT

FOMETr Y= bCHE, RIEICER{ERED B AIZIBNT
A MR AT E%T%éﬁ*O<D%EELﬂﬁuﬁ#%®$&
MFEAE LT UVEEN T, BINE 3 & 0B
FEE OIREFHOIRINOO E DI %b\?ﬁ%%b DENRFE LIS
TCEHIS, LR LEMERBBICK TN T2 Te—hravy s b
D, Al LA SN2 DEO O E D LR o TWD. L LR b
MMEIWCER LT v 7r— MERM L, EfE e — a7 1Tk

ROV %H L.

T HRAE IR, MEEZH TV D EIRE LRV ENDbA -

7. U EOHE NS, b —Fra vy RRETLESLLAITRL
TEAMEE, TORKOTRE—v a3 U ERFILE.

X COIZ, WEORPIELSICHY 1 TR LAN CTIHENOE
I ORI 2 FHI L, S OB EARFO BRI GE 2 FF o R 5
A ERFELE (K 5). Zoflind, BRoe—rya v 7 iR
Za U AR &R, Y ) EEERM R T, G
BTHDLIENOLTTANY—2RE LRV, £/ E~0@mn
HAREEWVIFEERF > TND. RICY—FT T4 7 OTnE—T
CVHERE L LT, B a7 OO b & TR 0 IR FERE
DI=DIT, AN TE LT ZOANNEICHICHN, 2D TE
HIETEL OB REBADEIICTEDLIENEE LD, TDT=
O, 7L ECM 72 L THERF RSB THEEZ 51\ T Web 72 &
NHEL, Z I THREOFEMEFELBAD I B ART 4 T ~—/
T4 T ERRE L.

D EORERMR L Fre—y g VIRIEOEH TR 2 FRT S
72, 3D TV A EHAL T 6K 7 ICRTETRET L2
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Research and Development of a Light-Weight and High-Performance Hybrid Rocket Engine

Atsushi TAKANO®

1. #8
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flafnicary b, Bike sy b, 3730005 BERORENT E K
DEACAIZ B LIk 2T 207y ML, KRERHENRES
N H, BRPTOREGIIERT D20, RE - ET - BHIZE
WTRBR S RN BB E L 720, TRLMEa A2 MEDOPIT &
o TWAH.

COMEERRT 272012, TEFHSNTOL2OBNAT Y v
Frsry b ThD. "7V y Rabry bk, BT I ATy
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DIRBHEZE R T HIRBESUG 1T 2 5 6 O DIFEFI R ISIZE B 72
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PEDS < TR WVREL 2 B AL AN O )1 TEABE S E 5 720, REHZ IRIE

WEHEZ AR TR
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TBhE BT
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Yuki FUNAMI™
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InEAEC D) WREET DT TAF v ZREHNZ L D47V >
Kery NOREZED TWD. B KR— MNERkETHZ & T,
KRINEDBEZTHR— FNHOREEE KEL<THZLICLD
WRBE T A SR ROMER, BLY, IRSENEoRELRIET D Z &
12 K DR B E O EE - T .
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NAT Yy Ry y MIREHE IR AR 72 9 KHE D) 23R
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Licle &t Bbns. BGAIFFERZR6 DL I IC_y MR- &
FAWTHRRO &S THEELTRY, REZRIC L0 FEETE T
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NAT Yy Rary MY, ELEREREE S FFEh 2842 XY
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Bt LA X0 R LT BE T A OB R g N T O « IRAIREN
B TH D, KR L U THRBHZ IR A ER LA B B AUk & 72 5
ZERMBNTWD., ZORGFOREZMD Z ENT YOG
RBR OB W TR RBE 525 Z LIZo7en 5.

T Al A BT S AR 59 2 MR AR GH P DR A R 2 0 3~ 2 729
24D 7 ¢ A% A T B A i e B % SRR i~ A L,
A7V Raly by ORREERE 2 F i L 72BL AR BT
AT 2 eAlTmmgieERE L, Tofi A iErRe L
7o ARBREBUE O AMBLA B 9 (2R X 9 DA O M fE N E — & o —
ATHY, ZOEMZERY TN TND T T v VHONTIZA Y
TAABRD LN TWE, ROBRORZDHA ) 7 4 A ANKEZ 5
LT, LA EAFRETE S, RRBRTIE, U 70 2KV
1,0.8,0.6 =0 Z AWz, AU 7 ¢ 20 B (K9 LM (2
BB EENE Y&, U 7 4 20 FMNZIZE D& oW &2 3%
BELTEY, 2607 — 20 bBEAIE R RS HR X 5.
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Z D ET VI IZIE ABS (Acrylonitrile Butadiene Styrene) #ti5 % £ H
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Development of inorganic catalyst/semiconductor hybrid-type

hydrogen-oxygen-production photothermal cells

Nobuyuki MATSUKI!

1. #&E

W AL EOG B CE R E IR LI A Y = —F v ORI HE
ATy T T U AT =17 A (Svante August Arrhenius, 1859-
1927) 1% 1896 47, K& H D ZfkfbikFE (CO,) A MEE (1) 300
ppm) DFFICA D &, KA 5~6 CLAT D L OTHAR L TER
L72[1]. Zo@tiE, B OREERERMHGTHL L LT, Bsin
LI SNz, L LBEICR W TIE, BEx e ® T WIS KB
FHAR A L TR LR R & BUHE R 5, KA CO, DB
KRITHE - THIER TP RE EFRIMANICEZ 20 LTRO LR
TW5., ZOBEIZOVWTOMEIILL TO LY THD : HifFicH
L TWAHAR - Al KRT 228 HL, KREhTHMEEESET
TRAFX—JRE LTHEAT S Z & TRATIC ZEmILEFE (CO,) MK
HEND.COmFIFHIE N O TFHZEMICM 2> T ST D 15 C
O BARTEIHAH G T 2 W K 5~15 um OFRIME R FIRO PN 15 pm D
SR IR L, KA HICEGEL & B TEE MR AN B 380 2 7=,
ZOFER, FERICHIFR S FH 2L B S 4D SRR BN
L, WEEHGES MG S5 oI ER A R L S 5.

LZAT, BURIZEBWTH T ABEIEEIEI CO, 12 X 2 HEKIRIE (L
TREEGL ] 722 b ONMICHEET D, Bl XU FoOBERIZZDO—>
ELTHICHEA R LD TH D TCORENBEIM L 7= 2 &I2 X 0 ik
DFHZERB EFLTHNHOTIEARL, KBEBAER LD L
IR0 PR ES L7oRER, MR CO, MRAT ~At s
TREAT COBEENRHER L TODDTIERND? ARY 1L, KUK L #E
WERWZRDTIXRVD 2 ). ZOBUSK L TIRD 3 HOFRHHERIK
FERRERN, HEINTNS.
(1) KEHEBOIEME L CRAEIKR) 12Xk D E~D KRBk R

F— T L TWDR, ZOEETREGER 1366 W/m? 1Z%f

L CH01%FEE (210 W/m?) TH Y, HIERIZ AF 32 =31 ¥ —
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Seiji YONEDA! Tomomasa SATO*
IS~ D R BIT A T & DRRE/NE W,

Q) MEPOMDIFIRIC L » TRIES EH L, TORELE LR
BAF CO, WRARITHHI & d, KREF COEMRBML TV 5D
DTN, VI FUSH LTI, CO, DR RAMARNIE S
FoTHESNTWD. MFETICEFLTVWD COICEEND
IRFRNAITEH ORFE 2C L HEW PC RETHE. Lz
NoT, b LlEPOE CO, BRAPICHB SN S Z LTk
DREH COEENML TWDDThHILE, KET Co ek
5 PCBRMARTHIETTHD. L LEBOFHITE BC 0
FEIXELHAD L TEY, 202 23, EEREAMBENCE
EFhd 2C OB L o TR SN D CO, DRI T 53 EDHH XS
FICEL 2> TVWAHZ BB LTS,

(3) 1850 12 287 ppm T o 72 K& CO, £ X 2004 4212 377 ppm
L7220, 154 T 90 ppm HKT 5 & &b I HIERER IR 1
0.7 CEH L. TiE, 0.7 COMHERE FRICX > CHlFETIAEF
CO, R HUTHL S 4L, 90 ppm O K AZ[IEELZ LIzDZA
IMP2 VI ab—va Al EE, 0.7 COWEIRE FRICK -
THIRT 5 K& H CO IIESTIE 8 ppm IZ LR B ARV E B
HINTWD. L7ehoT, MRS EF L7z Z LIC k> THERF
CO, MREMITH S, REH CO IEMNER LIz &)
FUTRAY TH DL Z N5,

DL bBiE THUERIERR(LIEEES ) OO L 2Dfl L ZhICH§ 5 XAET

HDHM, OSSR THIERIEBL SRS &R 2R 2 B 2

ko THRESN, HE&ERNE, ABGIER _#BiE (COo,)

IZ XD BRI (HiEk Teiib] ERBELZIE> 080 nhs L

)] OFETHRAREBNBHE VI ab—va IR RE

BEoTnDd. 2T, b LABENRIOEE CO I LT

fMoOxES ESRVGE, EOXIRREBIZRDES D .

Intergovernmental Panel on Climate Change (IPCC : KUEZAEIZE T2

BRI SRV 2D 1S KAviE, 2100 4B 12 LR R & LT 4.8 C,

AHEIZB T 10 COEAPMEZ L ERBELLNATND. 20

Lo ABEEIC BT, R OERT DK E & Il A IR OB

BIZED NEOFRUIRER LVIR E 2D 2 N TPRRINLD.

NERE oI,

L ALAREHCIE D D CO P 2 bR x L X — AL,
bR O R 245 195 2 & TABETEENEIR CO, Dk %2
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E+5%.
I R TR EIT D REAT O CO, ZALE LTEESES.

LW FREHEN L s vy, ERE Lo HeagkEH b
% CO P Z bl r L ¥ —Ji ] & L CHANDO A T I H nlhE
RO, () VTRV N =T AOESRIREEFIRT 5 A7)
TRAX—OFH (i) KB - BTy - e - - S A~ RAp L
DEAFFET X AR —FIM, O2-o0KETHS (BRMAKEICS
WTIEERED BB 72> TR i<) . (IO T,

C UTURT NV =T AOMEREIZIRY BV, IR A
AT DFESL L TV W20 100 FELL E DRI 7= 5 8Bk
N RIADT, BEIANOKBRERNATHEIND.

© HARTIIHE "Hed - KU KRDBHERT D, TO, EREFC
B D IRECH AN K L CHES R % E T 7 >~ RIS
B, FERAIFGETG Yl ~F D RN .

- BEEW AR RA KT R NIEET B FIENHENL LTV RN

- EWE OB X DRSO BT v OfERE R 82 ek
& EoU 27 BEn

EWV IR IRRREN D DT, KRR = L X — IR & 1T Y
o, L7 T, () AR R LY -0 HICiEiE 5%
/BN B0 D.

KIS - KEGEAFIHI, JB) - g - sl - N oA F~ 2z )1
F— O & i L TR E CERT L2 L RARTHY, £
NHUZEFHE « FFEITICB T 2 KBEIEFE SR « RGENRAK S
FNE L TERLTE, AFE - FFET A IC=RL¥—%
Fnfe ) L) TR F VX — ) 1, KFICL Y BEHHEL
BAEL 22 < o oAk T 2 p b ¥ — U A 7 EHICx L THA
ThdE b, REENVEEENERTHD Z LNDEFIE - FH
FHCBIF 28 =X NVF—EilkE @b Lotk nd 5.
ARFZETIL, KRBT EENDEHEINN ORI (B ([Thlz D A<

EANE/ $ 8K\ T w REY
IKER - BAREMAIGCREMD

[EXErE  HRETEY > D
1 KFE-BREBKGAREN L ZORDHBOFEM (BRI

K2 TT2HZE] No.1,p.100 K2 #Hi8)

7 MVOZFAX—EFHAMAL, BHLRAKICERT D & FREIC
KF R GERT DHBRT A AT 8RN 7Y
RAUKFE - IR AE RO R EVEM (LT, KB LEVEM) ) OBR %
AL TV (BIESsr [3]). M 112, KEeRvEi L = oEi
B OFEM & R (RN RS TL%0F%E) No. 1,p.100 X2 % F
fa) . BAKBIE CHE S o KRG CEVE A b T T A &2 &I D
KA SN D 5T Y, ARENICIKEK &8 T D L 7o -
TWV5. KENIZED N T AKEAKITRBEIC L > TRAET S & &
BT, KEHEBEMZBAL, £kFE - BEEZRERE LS. K
55 S BRI 0D B (UK SRR AR TR & R SRR AR AN A A L A
ko> TRTBRTEY, A LEKE  BBIFREOMELIH-
TEHCBHL, Rr7ICko THAREY v 7 ~LEMfRER SN
5. KBHBRZ2WVERMR, #E - WARESR IS U CREE R 443
TRWKEDGEITIE, W L7mkE - B2 MEHEMmICE A LE
SALFEPUS R EET .

2. RRHEAREREMN
AFZETIE, BIEE LTW5A EROKBEAEMICE L T T O
SR OW BT ZHEHE L T 5.
NTA R T AHA RO T 1 AR5
KFEMT BN T 7 A Si,/fidh Si (a-Si:H/c-Si) ~T v #E4 K
o i, 0> 5 i A 3o AR AT
. SRHNE T AT RE 7237 W KR R L oD BH %8
d. FEERFIEEROFHIER T o & 2 BA%
e. [RSRATHARELER (L O HERRAL,
£ AR ENTE 2 s BE oD B 26
ARTIE, FREHDO Y b a,d e lCOWTORBRMERNT 5.

3. NTA FROTRAA MO T O REH

NTA R 7 AHA M CH;NH;PbX; (X=CLBr,D), T7b
HHEEDF A, i, e rnbiERSh, A1 - EREA <o
TATA RN VD R IR AT OO E LM R TH D
[4]. 2009 4=\ Ml BERE 15 K 0 B W) BUd 2 K - CTHID TREBE AL
BELTISMEN, MERBN 7 21250 10%% B 2 5 @A
PEMmAFR TE 5 2 L NREND L, RN T — AN EE
e Enk. BE, ~JIA4 RXaT7 2 b4~ (LT, "er2xh4
M) KB O R ESZHRE LT 20% 2B 5 EAHE ST
5. Linl, a7 AhA bRBGBEMORKOBREE, Z Ol At
DIERZTHDH. BT v AL D KGBEMIER AT > - HIC KA
FZiE LT &, RARFDOKGTORANZL>TXa T 2AhA
N HETE 2N A3 M USR] TR NEIE 0% E TR T4 5 &0 9
EIMER DY, KRR TH D, BUE, ZTOMAMNZR L& 57
D OWFEFFNIRIIThbR TS, Fxix<a 7 2Ah A N K
BHMAFR T 0 2B HRKMBEAZHRT 222 HE LT,
REAH KT A T 0t 2O ATREMEIZ SV TRaRE LA A IR RE R
FRMAE (CVD) A Mg LT,

B 2 ICBAE L7 RAE CVD EEOHEERANZ R, /n—7
Ry 7 AWNEICEE S iz W 7 A EIEE OFIZ AL b7z Pbl,
& CH;NH5I (Methylammonium Todide, MAI) 2SRAMREAR v b & —
A—llko T s, BF 7 -2k H T AEORHILE V&
BT 5. Fiz, RZ7e—7Ry 7 AN EFIZE VT oFE 2o
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O-JRy IR

J0-TRY IR
B0 N,flow

e
\ m [] DI
| |
| BiR ( %
N, flow 4 %Pblz MAL=7 Ny flow
. mEmwl o NE——
ERE 40545C IO mmz;{iﬂjht -2
Ay bE-5-1 22045°C gl E=TR 5
AT
B =

B2 RELLAKECYDEBNHEERAXR

TR SR 23 ATRE 72 FEROR L 4 — N E BV E TR (i Th Y, =
DEREERE I L > THEAMA Pbl,, MAI OFREALE - 24518 UHE A %
TEINDHEITmoTWAH. £z, Pbl, & MAI OAEKDIRN LA
MR TR 7 2 A MR BRSNS 2 L &2 <STdIs, TH
ZERI OIS T NV S O ) RE R E L.

FEEEIC L0 X7 2h A P OEREZIT S ERICOWT, 20
Ffh EAEFITOWTUTICRT. 7 v# F— 7Bk XB W E R
DB S 7230 mm A DH T ZAEREHEIZ, A a— MEZL-
THUE TiO, B & AN — 7 2 TiO, BDIETRIEZ 1TV, BRI/ & —
2y L7z, £72, PbLEB L MAI ZRFE O MIL & koM o
FEEEIE 1Smm & Lz, Z7u—T7 Ry 7 ANZERFEHEKICHELR L 72
#%, ARy he—%—I2X > TPbl,, MAI ZZ T4 4055 °C 1B
KO 220°C ML ZEHNCHHET H LS5 L. Dk, ik
EE EAES) &8 THM A Pbl, MAI KKICRBES S, 1 HbHT-
D OFEFFFHIL PbL, MAI 2 ZHicxtLT20s, 5s &L, 7800
DEFEENC LW RERBETole. Zo7avAICLY, EKE
2T A4 NOFFETH DR E BT D ARIEEE A U
[FIAEIE & A AR BRI L B LR, I3 ICRT ko7
—EENMEAS L ¥ 2 — By ZRBL T HEE SR S LT L R R
A& A 2 R D 728D, X BREITHIE 21T - 72, X 4 [ A
O X BREWHE Y — 2 ZRmd . RS i fEfmn<a 7 25 A k
Mk THh 5 & e LT VESTA [ K 0 B X BRI $ % — o &5t
BT OBBSACIEIT R 2 & o8 THiE Uik 45 &, £ &
XMBEWTE—27 L3 —HTHZ e Nbnd. ZoZ b, KRRE
CVDIEIZ L - T, X7 A A MERBEOFIBCKEEZ LR ATRE 2 2 &
Dol 5%, oWl LR E0BEZHRSETY

B 3 AKE CVD RERKADOEEREFHEMBREZ
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— RS R ON D KO CVD R ERET L L LHIT, KK
J£ CVD _u 7 A A bzl Kz (ER L2 o Rtk Rl 2
7.

600 100
i *VESTA (Simulation) | <
29 |8 8 Z
=400k |7 1.2
'l:)I\P( L —~ _60 ﬂ(
=2t (=)
300 S 1 =
H 200} - ™E
& 2000 | s =
) 1°°;/U z
* ke, b ®

qO‘H IIII 2kO
20(%)

B4 MAEEREOXKREFHENZI—VELVVESTAIZE S
ROTRAA +OEHXBEF/ AL —>

4. BEEXZFREEROHFEL IO XER

Si AL AWK E MRS L O a-Si:H/c-Si ~7 1 #25 K5 i
ZHRWTIE, FEEERD > — MEFI I MQO/sq. UL Lo &t & e
L. ZORD, Fom AOKBEM ARV THRAE LS ¥ VT 200
72 DI Q/sq. DRV o — NPT 2 A4 5 B B i T
RHERAZ L, SOICERE LTRY 3720 O M 4 8 Bk %
BT HLEND D, ZOFWHEEROME L LT, BifEfbEn
10 Q-em B OIPLEAHG H LD In,05:Sn (AR K—Tfig{bA >
2, Indium Tin Oxide, ITO) ZZNHWHINTWD. L LR 5, In i
T BB THVIRI A MDY T 2%, ITO 1o T, £V
ZEAli TR 2R e & AW BB R & LT ZnO:Al (Al F—
T LM ER, Al-doped Zinc Oxide, AZO) O RS HFE STV 5 28,
AZO VX ITO L LT 1 HHE E|PTER @V &V O BER H - 72,
= ZCABIZE I, ITO & RREORVKPIRE A4 5 AZO 2155
O OF R T o A L UCTERENE T 2 — LK 515
OB EREL TS, ERAMNET ©— LG ET, WEREC
LD KRFUTEL T 7 A2 ) a vy BET 0w 22587 5T
2003 FEEH LIZ L o TR SN /L CTH B[6]. FEHIC £ kv
OEBEIEREMNLIZRECE T £ — A0 L0 RR S5k 4 5
BB 5 &, KBS (O—F) BELE—LBHIICL D H#
BELIFAAMET D, ZOWMEARES FRERC L > TnE s,
BT 3L F— R U7 RRE CREARIC 6 28 LHERE 9 5. 2 OFER,
T ORMILHPMELE S, KV RRBKE < KEaDO D70 Wik ik
NEZDZENRWFESN5.

KHFFETIE, R ~-8~+8kV OEBIEAEIMTE %5 L HMAEIC
il % Jifi U 7= ANELVA #8081 B — AR FHE % ZnO:Al BLHE
BRICHA L7, BB E LCET A ) T T AZEM L, KEH
B LT ZnO:Al BEFRERA L > b (ALO; @ 2 wt%) & 7=, B
R IE 3X 107 Pa, JEMIEJE 200 °C, RUBHE 1.2 Ass, FIINE/E-
3kV~+5kV OEETITo 72,

X 5127 5 EINEE TR L2 ENT RV T, BE (0.55~1
X10° A) 12XV Bk L7z ZnO (002) X Ml v — 27 Z 4. IE7E
FERVM, ABEMOWTIOEEICE, BEEXFMLRNWGEIC
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EEAM |
i AEEEN
- i
=<
> L 2
3
ﬂig IEEEFN
S ]
33 34 35 36

20(%)
H5 RiHEEEHICESD ZnO002)X REHE—Y

HARTE—ZMEOH KN R b, ABERINOEAIZZE DL
BHETHHZENDLMND. KT, 3kVICBIT 2 E— 7@, EE
ZEIIN L2 W& O 11 52k L.

& 6 (Z[RIFVEHT & L C 4 BREHE CRHAI LB L 72 BRBsR oo S
R FEAR FIIN B FE AR A E 2 R 9. X SREITIRE & — 7 B ITH A L
To-1~3kVIZBWT, fERO ZnO:AlIZE T HEEMEN It E % T
B DRV MERH LR ST,

DL EOEBRFEREZRE 2T, 4% X 512 Zn0:Al O HKHIHE & KR
SHLBBERIOHKR L, BRAMET £ — LEEFITB T 2=
K OEIC S N TOBEREZMED 5.

~~ 10_2 £

=) r

b L

c

- A

o

; 1073 pA A - A

< i A ‘t

T A K DZn0:Al

= IR HREUE

= 7 TR
104 —2 0 3

SIS F (kV)

6 HELI ZnOAl IZE T HIEREDOEIRMNMEBEKRFSE

5. MRTEMERLYOERL
SLAE, ARRFFEO LFRIBFIEHE O — N T 5 AR I L - T,
AT A A N D BaYMnyOs.s 7N L 7= 9 58 Rk fil 44} <
BDH T ENRNTEENI[7]. HEEEWIEI M 2 X—2 L L TRe T
AHA MRREED AV A FEY & BaNKAICHE L TAHA bk
T =TT T AA MEE] PORY, ZREOBE &R
TR U B B3 B LR W SE R R 2 LT D, A%
T, FERY oK K S R AR & LT oS T REME &
FLTRY, Mz EBILZOMIEEZR~HZ L2 BIELE.
$ﬂ%f@ M 7R TEEE~ SR bn ARy 2 Y T R
WCHEEE L, Lo b ERAIT o7, BRE LTHRT T X,
&—#yL&LwaMmﬂMO@Mm%%w%mwt.@ﬁ%#
RS 240 min, H Y — K& 40 W, Y — R-JLARHERRE 35
mm, SGJES) 4 Pa (Ar90%, O, 10%)E L7=. F7=, HE#ZICT

=— Vil 900 °C, 1h D KREH 7 =— /VALELZ fifa L 7-.

B 8 ICIAFBHI I 1T 27 =— Vit O X #ET 2 — 2 R
7 == g DEHT R — BN T, BaYMn205+a(102)F Tt
LA IR E— 2 B, F72 BaO, Y035, MnO (Z X % [EIHr & —

IR ST E L TN tb%>BﬂMmmméﬁﬁ
Baemonzl bRl Tn5.

SR ITAIB I 31T 2 ERFRE, B AR R A 1
KOy FRERAA L & L C UG &89 5

FHZRY b
E—5—

AEHSRE BRI — TR AR
[ ] PeRERE) UL
]
— = ys
FOIT H—syk 4 osn
%’};@%f/ I - R
RFYO% NOY RSy a7 >

7=—)LAi |

XHREIPTIEREE (cps)

25 30 35 40 45
20(°)
8 WE%T = LAEREO X SEF/ 5 —>

6. &8
AT TIE, BRI ER N T Y REUKSR - R4
KB EmOARZ B L, KBTS K OUK S fiffil i B |2
B 2 WHEEMOMFEEED TV D, KfgIEZzohnb a7 2h
A NKBEMMEORKE CVD et A, EREINE T — 5%
(2K % ZnO:Al #ER O VERE, i 8 B Al L2 b 4% BaYMn,Os,5 D i
JEAIZ SV THIZE D ER 2 HiE L7z,

7. SEXH
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Syntheses and biological evaluation of rare sugar and nucleotide analogues
toward the next-generation medicines.

Shoji AKAI*

1. #8

MG (BA) X, AXBARAD 2 AT A0 3 A
W21 ADBTEL RBHEETHDH, »OT B ITRBEOREBRNS
NTNER, EERIEZOESIZ L VIBEL 2 WIFHK TIER o> T
Z 72U BNADIEBCRE R ED AT =X LR 5F L ~L TR X
NI E b, K0 ZIRMA IR L U Toh R3O B8 03K
NINTED SN TND, ZORER, T ETITRWETHZEEDL
AW, Bz 22 AF PR & A3 BRUME & R [ 35 5 B 38 o0 mTREME
NREINTE 7,

CZOEIBREFND, TV XT 47 AOQRFIZER LI
RIS, 7o F & v AR E K & W IR 0 DB HED & 41T
Do INHIE, PUREIRSCEME FIREI S & ISR IR o =3 5
LT P SN TV BB,

Fex OWFIE 7V —T7"TlE, BELT X /e, BB ZTREHI, ka7
ETEVEDE R EE ORI Y AT WD, ELBME
AHOEBFRIC IS T D PRI, BRx RAEMITEMECHREME A O TV D
B, TNHE—DOOEDHLICT D701, TG EREAN %2
SNBICEFET 5 2 L AT A NER S 5, & 2 TAREFEZE T
TaAREN ZNETHER L CTE B H IR M7 A 77
V=T, HEAE L TRIERTIOEIRY — N2 155 L T8
SNDHWE % DFEEE S EOFEE L, EWTELERE
flis AT DAERE U CRIT 29 A 7 VAR L CHiBl eI —

Mea¥ DR 2 B Uiz, MEEEIT, WEFSA L Mg Ros
B & FEHMINE O B3 LIS PERHI R O ATV BT S 25

AEWIEVEREM AT R D L D2 ol 2 WA Lz, 2 EH DS
R, mPERE e ORI L ) TS A LT VX
AT EUBBEBAL, MIRN~O(LEYOBATC, 1EAKTO
HEERRZOTHRET S,

WS WA AR

Associate Professor, Dept. of Material and Life Chemistry
TEhEC WE A LR
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TTEER WA LR
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Hisao SANEYOSHI™
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2. 1. FmOBEABLTINESGHOREAR

TR —Z (&L S B ITRE SR D BT, MO T 38—
L LCTARSUCES BREICHFET D, LT BERN L bIF
ELCEHBERLMAEL, Tho3HDELFEIND, HPHED
FAEDBMHIL, BETHREIEICITMH STV, EETIE
N TV TREFEEO “IRIEEN & LTH, MRS RS,
T DEYIENE L fEE L OMBNTER SR TWD,

KR ANEY R AEIX, ¥~ 02 RIVHTED S R &
NI RRFVFEFEERTH Y | AT FYREZ S LREIC L
PUEIEH 28> & W D i THi 2 HE & il S 72l bivb bl
T N—=TTiE. ZOANE Y FEOADEE K &R BT
IR AR D, FEEEZTLENODOEMICHE L, LW E
Nz (K1)

HO 0 0
O 0 OMe D o) OMe
HO OME
Orsellide B
Orselllde A Orse\llde C (0C)

EAE-SL-.

Fo) o OMe o0 OMe

Orselllde D Orselllde E OC analog 1 (OCa- 1)

1. RREA L) FELFEAOHE

OC analog-2 (OCa-2)

ZOFER, TN LA AEY FEIZEC R0 5 FUEEER L 6
N2 T #EE EOBE RGP NTHR TE Rpo72h, Bl
WZHUEEHE M & PO A (DOX) O iR S 2 205 (WEIRIE
) AT HAEEMEN R S -, & 512, 8K (OC analog-1: %
BAT AT AR i, RRRICEI T OFUESE IS A b,
Pl B by =2 (DR L HFBERT AT VRES
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I/ 5 2 & THESEMRAST L OB E NS5 b0 &ML, 54
IR, SO RFHEMERM EIEERRIC I Y | M —ISEOME A
oM d o2 8ic e, 9. BB 27 VFFEEE (0C
analog-2) ZREERICARC L, HT-29 (b b RAGEMAE) 2 v =il
HAE PR F R 2 E L7z,

140 +
120 +
§ 100 +
¥ 80 —+—Orsellide A (0A)
iﬁ 60 —&-Orsellide B (OB)
= 40 —o—Orsellide C (OC)
® 20 - —&—Orsellide C analogue (OCa)
0 ! T T T T T 1

0 03 1 3 10 30 100
(LA BIBREE (WM)

K 2. HT-29 MR D EFEIIR T 54 I REOFZE

%03 M5 100uM DREFHETILEYEEMHITHRMLUTHEEL, 24BH B O
MEFERE MTT ERICKYRIEL, REBTBRERE (n=3). L&HWERMLE
WV 3t BR B (100%) &ELT=, =KD OCa I&. HEEITXTILEFE A (OC
analog-2) R,

ZOFER . OC analog-2 @ 50%H 5if B 2 £ (ICs) 1L = 10mM & 72 D) |
100uM TiX, 30%DAEGFE LR o7, L LRREALEY K A-C
1. 0.3-100uM Ok CIXBLEIEH 2 /8 S 2o 72,

HO HiC HO HyC

Q o0 OMe
Z 8

bOMe O o OMe

O H
d
S o o Q 0O OMe
N E E /E\ E\
¢ \‘E o 5 X 6 X 7
o

2-O-cinnamoy! 3-O-cinnamoy!

S

3-keto 6-deoxy 6-deoxy
H3. FURBICLECHEZALGNTT H=HI
FizICEBLIA LR C FER

Orsellide C analog

4 6-dideoxy-3-keto-hexose

—h . WEMERBUC AR N6 LD T A F U & 3 LD B LR
SRR ENTNRENG N EMRRT 5720, K 3 79 0C
analog-2 FHEMR1 - 8)%2 TN ENARGEMIZE M) L, HEFERLEER
AR LIZE ZA, BEMERITMIECERnolc, ZNITEY, T
JESHEPEOFRBUIL, 40 & 6 NLDOT A X AEE L 3NOD LR =
NEED 3 ONRFERFHCHETH L ZERWAL N L o7z,

I BT, FHERGAE AT LT OC analog-2 OERMEF % B & »
92720, MIdDBREE AL, FEEROREBELR E2MER LT,
A D TZREZAL 2 B L Al oD 26 & MR O R EERL 2N L H 7 R
b=y RZFHELIZb 0 LR STz, Bix e G b e & ik
FTOFER A S OBLT & F AR HDAC) & LE T 5 A VR T
7 7 V(SFN) & [ AR [A % O M IER S EM 274 2 E b E
ootz (¥5),

RUIORSZF A (trichostatin A, BEFR: TSA)

X 4. BAOERACVERET7EFILILERMHDACEEH EL TR
RILITHS5T72 (SFN) ER)IARAFU(TSA)D L EHEE

[N
N
=]

120 _ T
o N
~100 | = e
S . |
< g0 i —4—Orsellide C analoge
(0ca)
% 60 ‘E\; Sulforaphane (SFN)
£ 20
4 _
2 2
g

0 03 1 3 10 30 100

5. HT-29 IEHIRE DA FRIZH TS
ZILEE C 5E (K (0OC analog-2) DEE

¥HDAC(ERMU R 7 FILIEEESR) . HDAC &IE, DNA QDEKIEE(XRILAY—
L)EERHTHER (AU RIBE)DIEMEERD1DTHY . DNA DIFEEFL S LIS
DBEEFRBEOFEMMEDEL, £F-HH D OCa lF, HEBIRATILEFERK
(OC analog-2)%7R9 .

X0 FEM e BLFEAER & 4y 1 L~V TR 5 728D SEN & [AEkIC
HDAC PRFEAIE LTRSS MY 2 XX F 2 A(TSA)Z W T
PR G R A 1T o 72, K612 Lz X 512, BEAD HDAC B
(SFA & TSA)E [AIERICE A F v HA B L UVH3 O T & F AL & BHE T
FLEE L, ZOfEHE, H2Ax O U Uik & @i sEik L, =
NITHES TPl OFEL L H2AD Y VR FI &R Z &b o L4
gqant,

S
[ = &

T AcHistoneH4
" s “ Histone H4

Ac-HistoneH3

e
oy _‘“‘ p-H2AX
“ Actin

6. fi2 D HDAC BE:E S FI=xt9 5 OC analog-2.
TSA H KU SFN D 1EH

WPHIZI W T H OC analog-2 1ZBEA O HDAC FLEH & W% 0%
L EOBBWERZ R Z &R LN E o7, EHIZ, HDAC O
PHEEVEPEZ 2 FEO FIE TR~ T72#E R, OC analog-2 I% HDAC ~E#
ERT 20 TIER<HEBEERT 2 ZERHA LN o7z (K7),



HDAC activity
{AFU/ ug protein)

1500
E a
1 1400
s
a 1300
£l b b
3 1200 b
o
=

1100

1000 T T T

cT 0OcCa TSA SFN
(DMs0O) (30uMm) (30nM) (30pM)

7. HDAC ;&2 9 5 OC analog-2 MFE

PLEOFER DS OC analog-2 13BEFF® HDAC PRI SFN 300puM
X TSA 30nM & FIFFEZE T, MR O MR & B~ CTEAL 7 RS
PR L, EHEIIZ HDAC [ZAEH T 2 0 TidZa < MBIC IR Y A
FENTBRIAT D OEET 22T 7256 D7 HDAC Z#A#ET 5 &5
ZBb, Lizho T, MEEMIEO X 5 A RS 3 b TRl

BT B HEIMEE RIS & 72 b 2 LR ST, Ml
F/E9 % HDAC I TIXEBEMAE T RN ~BITT 2 fe THEIG M
ERRT DB G & U TR « 0 1A R IS BRI U A

RS 7,
Me

put

o) 0 OMe
o —

Jizk 5 xn \gqumoam
/‘
X > 7 ko

Py \)
HDAC
\ Hlstone

8. OC analog-2 DHIEBEMRKBRDIER A A—D

SHRIE. D& REMiE EDEIETRIT DN HONTE LT

BLCHATVL FRETHE,

2. 2. BEFEREZERLTOINESHOREMAR

BREEIL, WBRESEOAGRA ) I X7 LA F R & S
TOLEMY T CTH D, BEKIT, K9 TEHEE RFEIEFEART
WET DN TE D, 72, TERMEP A RPURELR L FHE (H
LWEENLLLE) OEWVERZRRMEE Lo, 2 AZRIERKIT
IRy R I & FUREIL DO WG OFR LR 2 10 FLnrd, &
BT, BEEBRICIES W THIEE S A2 2 5 7200 THEO RG2S B

ICIEFTRE CH D . T Db ROy FIRAE L LTiifssh
TnW5d,

PlEo X o, EFICBIEEOBmWEIRGTH 223, TN FETIZ
M BIE DT 02 21T E Ly, ZOERFERIE, ik
= AR AT D 53 F A IE L . VEREL A~ DA DT U XY — 3K
ThodI enFFoND, BIE, AT THERERDO FT v 77
N —3 A7 I (Drug Delivery System = DDS) DA FE2 B ANZATH
NTWa, R CE, R O R ER T h 2 ZiBEEOR
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&% A8 L RFIZ DDS IS B A itk = » OB Iz >V

TUUFHR L7z,

FVIRGLATFE 5 -Rii~OEELAEHEATREL T HEDRIEY>
Hh—DBA%
AT, AV AT LAF RO SR~ IR S+ %

FEATE, OB OB ITREICL VAT v h—0
BAZE & 1T > 72,

BEEEIEIT, 20 F F CIIEAHRECMIE~DT U S U — [T
Thb, Tz, HEEEKICH L, MIRN~OE DY A I % R1ET
DHEREMED 1 & OFREGRRAL DN TNDHUSY, =& 212 B, <7 T
N, BZ v BB S ITMEN~OR Y AR ZRIET D Z LR
HONTWD, LLRARS, GG LIBRert )+ 0N e = 4L o E
PEZ LI UISIE F &S| 20, 2 2 TAIZE T, Selobk~7-#aeh:
o IS BRI~ A T & AN O KR FEBRBE ST
BlEH, Vo= AL, IGEOBIBRESE A B TRER Y v —

AL,

intracellular
RHND

iod

NN O

Wt 2o N\
(o]

20w 3

extracellular

ﬂJJiQOSWAJ\;

n
1
[¢]

nitro-reduction triggered release in hypoxic condition
Dye, a-Tocopherol
Biotin, PEG, Carbohydrate

cell membrane

9. BRLHEMYUH—ICEYBEEMES FAREE LT
BEREROHFT OHEHE

I HEREE Sy F 2R G TE D LT A F UL ) o — ik
ICHHZRATY Z & T ZRRIIZ IR E & RFERC AR ATHE & 72 D & ]
FEliz, Flo, X7 VAF RICHBAET, Vo A—BKET IX
A PRI LT L2 & TSR VRN 7R — O %
fbF. ETORBRERIHIETEDEERT,

RO = hr XU X7 LT REHEE L, FEC LR NT 2
XA hax=y h~E&EHIN,

OH OH Br

O,N O,N -
NaBH, K,CO3
O OH——— =
MeOH, r.t., 30 min 5 DMF,60°C, 2 h

(iPr)oN,
NC. _~ o P=
iPr,NEt

3 CH,Cly, r.t., 20 min 4 (5
* \/\CN

O<p,-N(Pr),

Oligonucleotide synthesis

X 10. Yo h—REOERK

DNA HEVA RIS T TR oA ) X 7 LAF ROEME NG %
1TV, BRI S-REC ) v —D7 XA M &EY A7, EAHE
RO—E%T =T KIZE>TY Y H L HPLC (2 THEZMRE L
T2 ZA Vrh—iE, BEEENICAHY IXT LATF RICEAS
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NTWD Z & affE@ Lz (KX A-1,B-1), 5l &k, BEAHHEEND
G 92 &< CuAAC SUSIT & D FR% ZRBgaErE Dy 2 /66 L
7o FEFHEA L TORIEDIZ0 . REGED T ¥ MLE YR RS
FVEHIC LD WEICH Y BR<S 2 LS TET,

O/\ O/Y\IWR

o 0N ON N=N
O p-N(Pr)2 o

—p R-Ng

‘ o
o 0=P-0 Base e
e o ° CUAAC reaction 0=P-0—\ g_,Base
Nc/\/ e TEeEn &

DNA synthesis s On-CPG conjugation

o NH,OH o;
D Release & deprotection

9 - - -
: : " o
N O Ot
H O~
N oo o oY
a-Tocopherol

Coumarin 343
i
HN™ NH

o HO _OH
. ¢ oA

MN\/\O/\/O\/\O’\Y HOCSA 0~ g O Meoﬁé/ o L w2000
o

Methoxypolyethylene glycol 2000
Biotin

1. EEEERETORLGHEEDF&
FUIRILFFEDREE RIS

A1 A-2: ODN 2
400 2009 MO
J| 2 H0 N
Q 9

3004 o o 150 .0
O-E:O—TI'I'TTT-S' O-P-O=TTTTTT-3'
200 6 100
&~
100-] 50
0 0 LA

[ T * I T I I 1 [ T [ T ! I 1
0 10 20 30 40 50 60 (min) 0 10 20 30 40 50 60 (min)
B-1 B-2: ODN 9

107 J “ N-N/\/O\/\Wm/\/\/\/\/\/\(
N % H H
8004 O g 30- )) A
0-P-0-CACTGCATTGGTCAC-3'
o OaN Q
0-F-0-CACTGCATTGGTCAC-3'
[

600
20

400 ¥
200 107
0 0-

[ T I T I 1
0 10 20 30 40 50 60 (min) 0 10 20 30 40 50 60 (min)

12. Voh—DEAZNE (A-1, B-1) LEBIBA ETO#EESE S F &
AVIAXILAFRO#HEE RIG (A-2, B-2)%R9 HPLC 7AJ7( )L

TORER, BEx REEREME D T OREA LioA ) I X7 AT K&
IZho@EMECTCERTE DL 21> (K 12A-2,B-2),

WIZ, BEREME D T3 AE LAV 33X 27 AT R (ODN2 B LD
ODN 9) 2V v —DOBZKISIZ Lo T, HREMED T2 810 B¢ 5
gt Uiz, AN OIS DET LV E LT, KIGEE RO =
fa v 2 —EEHNCTERLE,

BRI, = bRtz 5] & i < BBESUGIZ £ 0 120 /3R
EClBEOA Y IX 7 VAT REL5 252 Enbhotz (K 13),
RIS BIT HWEHEO A ) T X7 LAF Rk, 5°-V Vb &4
VX7 LAF RCThD, Vo a—0OBBERIE. U rgksbi-x
HLbBEZON, Kixlp) VEREEFOEROMRER L LTHIEH
HRETHhDH LB bid, R, 5°-U VB RNA 2014 RgHE LT
HEEO RNA PO T e K7 v 7L LTEHTE 2 E#fFL T
)

o

. B
% JM / 120 min 07 Jk I’H / 120 min
0- 04
BO-JH 60 min 07 L/M 60 min
0 | T Y N { L _ .
BO-JJ 30 min %07 M 30 min
04 Ll__l_a.__ odJ
BO-J—A 15 min 07 m 15 min

LL — A od— LL_A_.~ o

0
80 7] before enzyme 30 before enzyme
addition addition
EDN 2 * ODN 9
04 - i 0

T T T T T T 1 [ I I I I I ]
5 10 15 20 25 30 35(min) 0 10 20 30 40 50 60 (min)

13. ZhALFIE—EIZLB=bOEDETEN)H—ELE:
R DA VTRILAFRORME

TVEFFAUIEEETORSYITRA)IXILAFREDORHE

7Ta KTy ZRA Y IXT VAT NIRRT R 3R 0O M g i
Z EEE5FEE LTSN TS,

AR TIL, MIIEIZRIRE CTHEIET S 7V Z F 4 L (GSH)IZIE
F L. GSH CHift#E SN Hi#ka % L,

° ° sHN °
Extracellular Intercellular ot NJ:ITNJLOH ~10 mM
~10puM 4 o a, Moo [
NH \ﬁLNH GSH NH
| |
\o no Y Vo \0 o

(] 0/ 0
©></\o-é=o ©></\O-P=O I 0-P=0
) 9 Q
[ \ \ o
Y
cell membrane B
& \O\jﬁo
e J
0-P=0
Q
kY

14 JUAFAUIEERTORSYTRAYIRILAFRED
HFSNLBRERE

HEIE OB S LFIE ST A8, P LR i, My GSH
WREEITAEY 95 GSH % & TR BRI Cld, e IclESs T,
=05, AN BE LA Y S D AR A T CIRER O R A 1T o 7203,
R RITZETH 72,

EHAERL, SOICHREEL Y 28 ALLAY IXTLFF NE
HeLa MR 202N Lz (K 15), H#ika2MRE L%, iz
EEM LTz, & 15-A, B CHIONMENS 325, HIEBEMEE T ILi
faoprE e S B St (K 15-b), WREOAFY I X7 Lo
F R TIXEENBI SN2 o7 (K 15-2), A EORE TIEAY
X7 UAT RSB A L0 2d 0, MIRNIZ A2 7o)
WETERN, SHOBETH D,



Flu-TTTTTTTTTTTT FIu-TITIT |T TTTTTIT IT il'
YYY YYY

A)

Bright field

B) Bright field

b)

Fluorescein

SN Fluorescein

B 15. HAAFEAVIXILAFFOMIBNERY A AHEER

3. #E

TR ERIIT, Bx BEME LSO EWIETEE R
DHLON, Sk, EMPTERRBREIT D L THESAHEL L0
LEZLND,

F AR LB T Z —(OLYMPUS Cell Counter model R1)%°
A AR 25T B2 3% BB (OLYMPUS) % 38N U C ke AY 72 H i 15 5%
EHIBENAREL 220 L LA O 1 BIGHERBRAE S ATHE
molo, AT, B SniolBaitH LTI ol
SIHIEEL TV LB, TRETIEAREINTALEmIZ OV
THIEMERBR AT T, S HICEEEOLEYO AT AT
TET0,

eI, ERBFTEHE T d 2 Bk OB R 205 H AL i B 7350 78 S &
HeRR . KRNI, LRI AMBF BRI Z D520 T
R L BB,

4. EXH

(1] WEZBR AL Z — BN AR - Rt T — 4
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[2] MEsRE, FEEM, (DT xRT 0 7 ALRBA, #HEE
7, 2007, 36 (4), 288-295.

[3] BRMPERE, (R P, SRR, TREREREZ OB s iR
DR, ##EERE, 2016, 33(3), 303-306.

[4] FRIFHE =, TEE AR, /NEPAL, TR S B s 2 B g L7z
T D RERCRR T ER DG R & EWIETERA o X T D OREE )  #5))]
AFLFHFE, 2017, 1, 103-107.
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[6] ARFIE ", FEEXR, WEEE, NS, KEEIL ERER
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BE4 B LY Ba-Zn-Nb-In-O D&% & 28 &80T

TERE RN

HE ™

2 E

Synthesis and Thermogravimetry of Metal Compound Oxides Ba-Zn-Nb-In-O

Miwa SAITO"

1. #8

PRBHEMIX, RS b oML F R L F—F EEER T L F—(C
BT DTRNF =T NA AThD, BEE L TKEEZHNS L HE
HIIKORTH D, 7 ) — R EEEE L LT RN HED S
nNTW5, £, BRFEOREEIC X o TEBIRENZR LY, &iR
T o [ R BN E L (Solid Oxide Fuel Cell : SOFC) 1%, FlC
b A A AMAREME 2 R T ERE S MEDIL TR Y | O EME &
FHU72RBkE I & Heie L TRV IR E 47 % ~T70%) ZH L TW
%, BATD SOFC TlE 700 °C ~ 1000 °C & {EEhIRE 735 < MRS E
WZHIFIRIEAET 2 EDRRRH Y AFBIRIE Z 500 °C LA FIZ FiF
% WAL A A AMGEE DI FITEW B RNE T 50, 20
7o, EWREZFREZMED 500 °C LT C b (FEhd 2 BAME O B
KDL TWD, 22T, RIEETEWA A UREEEZRT 7 e b
NMEEEFT X VT E L TNET A LKLY RERK TS
DAL A F U ABHEOWD A O LN TED LB LN TND,

R KA 7 o f ARER T, fHE (MO, OFiA A v (M) B
A MCMliEDO/NENT 7 7 Z =R ORNICHE L &R ERES &
Ay EDEMEA DL TERFRIE (Vo) BIEKT 5 (X (1.1),

MMIRPH S N T Vo BMRERETPICKSFERV AT Z &ITLY
7u b AREREHT S (3 (1.2),

AOy + My + (x-y)0%0 — A’y +1/2Vo + MO,  (1.1)
Vo' +H,0 — 20H (1.2)

Ba: 05 1277 7774 MillEE b OBt Th b, 77
72T T MR TIEN e T A A MEEND 1/6 DEEFEN K
L. B LIPZRT K 912 n0g N K & InO, WU T KA AE ATl 8
LTEY, @R TIEmERMMERTLL TS T Al A MEED
R~ L ZALT 21, BaglngOs 134 ISR 2 B Y idte O
EWFRRTHY | KOFOIYIAZRIZ LY 7 a b AR B K
{b# BalnOsH ~HHZE LT 5 Z & BN@E S T 5B, Fi2 K 1.25
IZART XD ITER ~400°C THE L TWAKDBEENEZ %,

“FenlBhE MBI

Assistant Professor, Dept. of Material and Life Chemistry
TR EATE WE A LR

Technical Assistant, Dept. of Material and Life Chemistry
TG ERETNEH LR TETERE

Associate Professor, Dept. of Electronics and Computer Engineering,
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Katsuya KAIKAKE™

INTIOR0M,
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—J7. MHFREMKE SO Ba(ZnysNbyp)0ys TIHIRHEEAK T
450 °C (I BV CRIMICESUBE LN R L, e ~7a b o
FEHEEKEFTRALEIBERINEELT R T L2 RALL LG,
Ba(Zn?" Nb>*|_)0s5 (8 = (3x-1)/2) \ZF T B RKM 7 bl 5UREE ik
U E i KR § = 0 ~ 0.5 OFEHINE L T2 KD E & & Ak
AT A TR, K13 1R T R 9 ICET ~ 600 °C OFEEHIZI W
T8=0,0.1 TIE2 EBPE §=02~0.5 Tl 6 Beflk oo BB D3R S
Wiz, ZOESEFDITFEHIRAE ., NETLKOEBECL D DT
HY ., BRFEREENEINT S L L OICEBRDENEINT 5580
oD Z NP LNnERoTl,

i
L
> 4 i 1
naoa0n = 06 5
> Sy ¥ g i
tinezt -4 k-4
3
. \
(I%’ Il
)

] 00 200

——]
Hydhased Phase.

300 400 50 6o 700
Temperature ('C)

1.2. BaxIn,Os D #AZE B3],

T T T T

0.0

0.5
N
310
<
——5=0
—5=01
—35=02
15 —5=03
——5=04
—5=05
in Ny
2.0 L

0200 400 600 800 1000
Temperature / °C
[¥ 1.3. Ba(Zn,Nb1.1)03.50> Dy-TG Hif*).

Ba,In,05 & Ba(ZnNb)OsslX EH 5 &K T 2WaET 508, ik
DIEVIZ LV KO - Wal s X OWEERE B 23 72 5 vl getE 3 R ig
Shb, MALAEMIZE T DEEFEKIA LK+ & OBUSTEIZ DOV THE
WEOBEWIZ X AENTIEIC UL, 7' b Bgomn By
T&EL LBz,

AHFFETIE, HdmtE &Koy & ORIEEDE W Z R T 5 729D
Ba,In,O0s & Ba(ZnNNby )O3 D HEERICH A T 2 E A5 &R BLY
Ba(Zn, Nb),_In,0s5 (Ba-Zn-Nb-In-0) Z# &k L, AR (TG) M E
W RHTEE (Q-MS) & W\ THIBM OBEE) 2~ 7,



2. RERIEE

B B B AR BRI X D AT o 7o, SRR I L OB EE R 5
BafaL, dmoxzy / —LERRA L LT Tolisdi
MR & AMHETRA - B Lz, IRGHIE 1000 °C, 10 FEfH, K&
HCREE L7, JRBEIIEER S - Lotk —EUNEAE B X
OFKEMERIZIC &0 2Ly MRICEIE LTz, BUBAIE 1200 °C,
10 Wff, REH E 72 IXMBER TR TR S 72, 5 oo slbHEE
HTIRE 0 %07 v 7 —2—ICRE L, fHIOBITRE T THY
W7z,

X AREIHTEE E GUERK R £ B B X A 474 & Ultima IV Protectus,
Rigaku ), = =AP#% 185 mm, J-EIRFE A% AV 7@l —kot X
AR AR D/teX) & H W CAERM ORI E & 17 - 72, X #IRIL Cu Ka
(W Fen =1.541836 A), HI /712 40kV, 40 mA, EFHIBRY v b :
10mm, HHAY v b 1o, #ELAY v b 1°0 AU >~ b :0.30
mm, HEHPHZ 20 = 10° ~ 90°L L, 0.02%step, A v HEH
5°/min CHE & 1T o 7= 1% B ALz iz %k L C.ICDD @ PDF 7 —
HR—RAE BB GG EUE L, AR OMREEITo 7, £
7o, RS OUE & IS T 2TV, BT ERHE T e ST
2 CellCaleP % W TR T E S & B L 72,

IRZEBVKFE TG-DTA (Thermo Plus TG-8120, Rigaku f) % F Tk
Bl GEE) & FH 72, Ba(Zn® Nb*" )02 81 5 TG /i Tld, =
i ~ 600 °C T Z HLEMOBEBBMDKIENENVICERD Z LN
WL STV A7 8 Ba-Zn-Nb-In-O T [[kE 12 E & 0 Bk o
SHERREETH L Z RTINS, 2T, BRIV EIIETT
FiEEZHET D T4 45 v 7 TG (Dy-TG)M | ZHWT, %=
FRHR T CRE QBT 27, N, RIS, IREHPA : SR
~ 1000 °C, -3 : 10 °C/min, B iLIEE : 50 °C/min, ¥t # : 50 mL/min,
B ZAALHEE : 0.0001 %/s, UEHIL : ALOs /Sy, BUEER : £ 170
mg, FEAEREL ¢ a-ALO; D&M TRIE ZIT - 12,

U FEABVEL F 3 HT R Q-MS  (Transpector CPM, INFICON #) % Fu»
CLBEAS AR HT 24T o T2, ZEHFH A % it & 20 mL/min THE L 72
N B EE ~ 1000 °C, FIREE : 5°C/min TREEZK 0.1g AN f
PE ML, FAE LA A% Q-MS THIE L7z,

3. HEREER
3.1, AR D FEIE E

Ba(Zn, ;3 Nby;3)*,In,055 (0 < x < 1.0) @ XRD X% X 3.1 ~ 3.3 |ZR
T

110

x=0 2

8=0) - &
x=0.05

(5=0.025) ,

x=01 \
{3=0.085)

x=02

(5=0.1) v
x=03

(6=0.15)
x=05

6=10.25)
x=07

{5=038)
x=09

(5= 0.45)

111
=230 |
210

i | @ Baco,
\%4 Bazlnzos
A Nb205

.

Intensity / a.u.
P

v s wwh_ve |

! )\

4%?—%—%__

v
v X v A
1 | n 1 L

10 20 30 40 50 60

268 (Cu Ka) ! deg.
3.1. Ba(Zn13Nb23)1In035 (0 <x <0.9) ?d XRD [%].

111

Intensity / a.u.
Intensity / a.u.

10 20 30 40 50 80 19 F - % a % w0
20(Cu Ka)/ deg. 20(Cu Ke) / deg.
[%] 3.2. Ba(Zn13Nb23)1.In035  (x=0.9) [CBWTHRGFMART T v T

T A MigiE & AE LHIRE 21T o 72 XRD XK. (£)
[x] 3.3. Ba(Zn1/3Nb23)1-InO3.5 (x = 1.0 (Baln20s)) ¢ XRD [X]. (47)

0 <x <07 ABTEELFHBKRNe T X014 B E
(Pm-3m(221))"M x=10.9, 1.0 (Ba,In,05) TR MAT I 2T
T A MR (Ibm2 (46)) 1 IZHES ST N TE 2, T O,
x=0.1,0.7,0.9, 1.0 TIXE . x=0,0.05,0.2,0.3,0.5 TIE R Hish
L LT BaIn,Os, BaCOs, NbyOs % s & T /3 B — IS 0O SRS
BFoini,

NS RHRNT T AT A N E TR 21T o720 < x < 0.7
REHZDWTC, M ERA R 3.1, In EHE &M EROBERER
34, RIEBRT TV T T4 NEEETEEMNTEITo x =
0.9, 1.0 DIEFEH LR 3.2 (T T, In BEHE L & I EHDR
BN L7z, ZAUE, Zn? 0 N L0 In¥' D03 A Ao 2 (%
33) BRENVLDTHY | In EHE LA ERO BRI ER T
BB LD BRI — R ZHE WA RRE © O &R 235 5
NieeBzohsd, £, BREEILx=0.7~09 (I TZH AR
Na T A A NUEEN O GRRT T U I T T A MUREE A~
ZELTNWDZ R EInT,

it 5% X 8 & © £ \» Ba(Zn;, Nby)*¥.In0s5 & Ba(Znys
Nby3)* 10 Oss THEARFIM 3 L BB S vtz To b . W R O FEH
TEIET S,

#3.1. Ba(ZnysNbas)y JnyOss (0 S x < 0.9 ) DIEF R & R,

BX/RAR(©) In*& (x) alA Tty
0 ) 4.0918(30) Nb,O;
0.025 005 4.0964(25) BeCO;
0.05 o1 4.0997(30)
041 02 4.1102(83) Ba:zﬁ‘?s&
0.5 03 4.1240(48) BB:Z‘I";‘?&
025 0s 4.1558(57) 53:2%?5!
035 o7 41715(28)
0.45 [T 4.1580(843) Begin,0s
Bo(ZnNbye)O; 0 40935

532. Ba(anme)Hln,,Og_ﬁ (X = 0.9, 1.0 ) Wﬁ%ﬁﬂ.

BY/RARE) | InTE(x) alh blA clA viA
045 08 6.0674(820) |16.6667(121¢)| 5.6498(338) | 601.864(831)
05 10 5.0856(113, | 16.7091(364) | 5.8637(152, | 607.226(232)
Ba,in,05 20 6.0956 167112 5.9601 607.124
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3.3, A AR,

416 P Bl A4LERW
[ [ 0.76
an VI 0.94
§ Zn" ~ 0.74
412 v 0.88
[ it 0.62

410

1 ¥ 3.4. Ba(ZnisNb2s)iIn03:5 (0 < x
<0.7)D In &F & L A& FEHOBF.

01 0z 03 04 03 06 07
nd Wkt

3.2. BB E & - H RS HT

0 <x<1.0 %KD Dy-TG ORIERE R Z B 3.5 1277, x=0.2,03
T4 B, x=0.5 T2 B x=0.7,0.9 T 1 B o> BRI 3Tk
FRTEA, x=0,0.05 0.1 THERREFIHCERSMIE—EL >
Too x = 0 IXBEMBIE R UEE 2 /R L7, x = 1.0 (BayIn,05) TIZ
100 °C & 300 °C (Z 2 BEBE DO B R 2 s 32 2 LN TE 72D,
1, 2 BEBEH 0 B BEHMEIXZ 4 0.01,0.52 wt% TH b | PEHD
EHARTED /N E o 72, Ba(Zn, Nb)OsslE =i TREATICE N
B R EHRLIITIET 203, BaglnyOs DRI ¥ 2 FUSHEITE < |
RIS KREE TR TEIMV AT Z LR TE R0 o 72 & HER
ENb, £, x=0.3 OFLET 100 °C, 200 °C, 450 °C, 600 °C IZ 4
BB o H B . x=1.0 (BayIn,05) T 100 °C & 300 °C (2 2 B
KOBEEETEZR L, x=03 & x=1.0 (BayIn,05) Tl ¥ 72 2 i &)
WA oR Lz,

in N,

AW/ %

x=10 Ia=o:5 | ] |
0 . 200 l 400 I 600 . 800 . 1000
Temperature / °C
3.5 No B HIC 31T 5 Ba (ZnisNbas) 1400035 0 < x < 1.0 )
@ Dy-TG .

ZOFRER T x =0 DAL T d 5 Ba(ZnisNbys)0s 23 K7
EEHEETHREMNITKS FERD AT Z LR TE RV, In B iIc LY
TR RIAZ L TR T2V AL Z LN TE D5 L9122 x=
02 Ll Eo@E#EIZB W CTHNE LZKOBEEC X 5 E &R 2
ZoltdEx bbb, Ll AifEHE OB LY | Ba(ZnNb,,)Oss
TIRMBBERBEISMNT D & & bICERBDENHEMNT 5 L#E S
NTWHA, SEEH LB o R IR E R EES L T
HERBEDENHERTHM L0272, 202 06 SRIEKEIT-
72 x = 1.0 (BaxIn,0s) (KD FZFMEHRFICHEVRVIALTE LT,
ERBEDEND R kol btEZ NS, F72, Ba(ZnNb; )0;5&

Aw/ %

Ba,In,Os CIEXMLBERE 23 2R ~ 600 °C & 300 °C TER 5 72 K5 T
OWFEFA MBI D Z LRI,

RO FIRIFIZ I T D W 2 D EVEZAT 5 729, M EE &5y
Brit (Q-MS) % M CHE D 268 & K OBLEEEB 2 —H L Tw
L EMER LTz, Q-MS HIE DK R ZB 3.6 127,

0.1 <x < 1.0 (BaaIn,0s) fEHIIBWTK (m/z = 18) & HED REE
HE 7 RUEER T AL F WS Uiz LI (m/z = 44) OBLEED
&7z, x=0.1 TIX 100 °C (45T 1 B&BE. x = 0.5 TiX 600 °C
PAFC2 B, x = 0.3 Ti% 800 °C LA 4 Befir DK O, x = 1.0
(Ba;In,0s5) Ti 100 °C & 300 °C T 2 BEPE DK DO BIBEN fERE S,
Dy-TG O E RV ZE &~ L=, 7=, x=0.3 O T 100, 200,
450, 600 °C |2 4 BEfF O EE k. x = 1.0 (Ba,In,05) T 100 °C &
300 °C 12 2 BEBED K DEEZ fER L . x=03 & x=1.0 (BayIn,05) T
TR D EERAD RN RSN,
INOZEBEOKOBBEIRSEEEDENVCLIBDIELEEZD
AT, AKITKEE T T 100 °C THARIET D720, 100 °C 1L T
H SN2k O BB GURH R I IS BIE Lok T2 B2 b,
100 °C LA TR &40 % 7Kk o BB L3082 d b 2R A5 L 72 K5y 1
ORI A L2y TR A v IchR T e BT,
(LEFEA O E 2 E[E L, 200 ~ 300 °C fF3r CTOBLBEITAKFERE G T
BRI L3S L QoKD REEE, 300 ~ 600 °C TR S 7
RO BLEEZ AL O 3 R EOGIZ K D KDOBBEC RS 5 LB 2 bh
Do

(a) (b)

: 50 60
ok in Ny 0~ in Ny
TG=— \
\ _
140 3 TG 40 3
05k 2 e N g
g 2 H,0 h et
2 3 mgfz =18 N 2
N =
$0 2 $20 ©
Els 0% 101 =
» pd
H,0 =MS o
mz = 18 co, Mz=d4
o MS mZ=dd W
15! i st 0 1.5 L et o
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Temperature / °C Temperature / °C
(c) (d}
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0 P inN,
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\ <403 40 8
3 s
050 o o
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420 5_ —20 Eﬂ
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co,
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3.6. Ba(Zni3 Nb23) 1403500 Q-MS 7 — 4 .
(a) 8=0.05,x=0.1, (b) § = 0.15, x = 0.3, (c) § = 0.25, x = 0.5, (d) 5= 0.5, x = 1.0

Dy-TG # L O Q-MS JIZEIZH T 600 °C LL F TOKDipfE L &
BN —T 5 2 L ZEE 2. Dy-TG O E &) 5 FEl 72
(LR D PR 7E % 7 A 7=, 130 ~ 300 °C DL % H,0, 300 ~ 600 °C
DOifEE OH & LT, AFEOMAL % WK R ABO.(OH), zH,O
EUEFE L. Zn* | ND¥E L O I O ZE LA 22 & RE L T Dy-TG
OFBRD R DR E RO, UTICHEH LMK ESLR



T ERERDFEZR 3.7 10T,
Ba(Zn13Nb23)**1.:In03.5

x=02(=0.1) — Ba(Zn;sNbs)os Ing20,9

= Ba(Zn;s3Nby3)0.5 109202506 (OH)g.007 0.013H,0
x=0.3(8=0.15) — Ba (Zn;5Nbys;3)0.7 Ing 30255

= Ba(Zn;5Nbs3)07 Ing 305841 (OH)o.017 0.046H,0.
x=10.5(3=0.25) — Ba(Zn;sNba;3)05 Ing 50,75

= Ba(Zn;;3Nbys3)o5 Ing 505647 (OH)g 206
x=0.7 (6 =10.35) — Ba(Zn;;3Nbys;3)03 Ing 70265

= Ba(Zn;;3Nby3)03 Ing 702637 0.011H,O
x=0.9 (6 =10.45) — Ba(Zn;;3Nbys;3)0.1 Ing 90755

= Ba(Zn;;3Nbas3)o.1 Ing9O2 549 (OH)o.002
x=1.0(@=0.5) — BalnO,;

= BalnO,5 (OH)g.094

3=0.1

52015

5=025

5=035

5= W EnEk
9=045 W rmEk

CEL
3=05
0.0 0.5 1.0 1.5

EEBOE /%
[ 3.7. Dy-TG MITEIZ 1) 5 HEWDF B RO B P oKD EH &

4. S

AWFFE TIE., BayIn,05 & Ba(ZnNb, )05 DE A & @ ALY [E IR IR
Ba-Zn-Nb-In-O Z# & L. BVKHE (TG) X W H i E & 45 47 &t
(Q-MS) % A TEzEE) & JLEE T A & o dT Lz,

Ba(Zn 3 Nbys)* 1, In, 055 C XA WAL AL ELPH © B AORLEGE © o3k
DA DI TZA | BEFEXKBERED L BaZny, Nbip)*'In0ss &
Ba(Znys Nbi3)* 10,055 Tl AM ORI L, HAJMHEZ
22 ENREETH -T2,

(Zn;3Nbys)*' R D Dy-TG DHEIE R FACE T x =02 LU LD E
BTHEBOERED N A O, TiUE, In B XD ERREKIE
WAL CREGE T HIC KRG FERDAT Z R TE D LIk
D, NALZKOBEEREZ s72 B2 b b,

Ba(ZnNb; )O3 In A @5 LR RELAER L, KoT%
WS D ENHLNE RS, In & (Zn, Nb)D E /LA A & %
Tl ENLL B D LK Gy OWIE BT DA R s iz,
Tk, FERAEEDY Bailn,Os IZHT3< 2 ElT k0, R K LK
BT EDORISHENMEL oz Z Eick B EBEZLNS,

Dy-TG & Q-MS O HIFE#E FT F1 T x = 0.3 DFLAEL T 100, 200, 450,
600 °C |Z 4 BxPE D BRI/, x = 1.0 (Ba,In,05) T 100 °C & 300 °C
22 BEBE O KO BB Z #EFR L, x =03 & x=1.0 (Ba,In,05) TIT# 72
LZEEBOEDERTIEBHLNE R, TOZEND,
Ba(Zn,sNby3)0s.5 & BayIn,Os TILE 72 K5y F DAV A N ISFEAE
TH I ENRBENT,

StEE, WESPREAE X BRE OKEKT =—nil) To
K EDFOSHEDRFNC. B Z 1D 2 & NN TH o 7fR K
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BT DB KED R TG RN IV E RIS T D B R
F(COYD IV a—A~DALEE EL—THW LN TNV D, ITFE, 2
D8 & %S 5 ATELGIG A O -G Ol B O BFFE RN A TH D,
ZOTRIE, (1) IRNERITEDL LI RN REY v 75RO
PR AEHF L, TRICEDEE AL F — DR T % Z- A% — Al
Ko THiV, ) FEEROEREICL Y AECTE L IEARFERL

AT 20%EME L, 3) B b L ALEATLFRISICAEHT
DO A N EHETHZ L TH D,

HHEE RO — @T&577774LW£MF$@QMw& Af
WIAEWINT 2 2 LR T, M RMEEHEFIES 2 LIk
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BAbT 5 2 &id, £ OEME I ELACFAIN M O3 I B ~TH
5 ETCHETHD, £ TARMRETIE, AHEEERLE LT g-CGNy
H LI PHI & v, fliE =0 b b L < IRk O BRI R L fil
BEEIONTWD a L bR U A% Y A X L — | (Cos-POM)PI % fiih
el UCHFESEZMREZRM L, 3. BHREAH B O mESR
AN ERF Lz, £ LT, ZOEAMEIOBMERILEZITV, =
DI DO IIEEIEC O VTR L=, £72. 25 OMEHT CO, D
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fil DB b B L7z,

“RenlBhE MBI

Assistant Professor, Dept. of Material and Life Chemistry
TREBIBIEL B ML (~2018.3)

Assistant Professor, Dept. of Material and Life Chemistry

CREERD  PIRRPAER BREERDEE TR (2018.4~)

Lecturer, Dept. of Materials Science and Engineering, National
Defense Academy)

Toyokazu TANABE™

2. ARFEROREEERL

2—1. HRESHEORI

FHEEIR g-C3Ny & PHI-K e OY, filtiE Cou-POM (ZREHRIZHE > T
AL, IRAXRY MVZEVREL, AVEAEGTHT T 77
A MEZEALR FE (mpg-C:Ny)IE, T ROFTEAEZFFICER L Tz
720 To, GHCEERAS OO FRT, Cos-POM 3T =F L 43T
BHHZEEFHALT, BT AT IAFAT BT AEEAL
T, HREER Lt F A D7 TR L ORI < BKMER A
ERERBSES 2 LICE DT 72K 1),

l\;IKN BuzN _\ 10-
i\;ﬁ\JAN IIIIIIIIII Co,-POM
) MNA

mpg-C;N, / TBA / Cos-POM

B1. SHEHEARL-AR-ERESEOBTR.
M RRIEBKEREERERY .

2 — 2. StSPED AL

ZOXIICLTHBLIEMKRESHEIO IR A7 bvE | WA
AIDOANRY M ERIZK 2 1ZRT, 2D OWREREIZE VY TIE
PN B D UV-vis UL AR 7 L DL B bR %ﬁoto%

DFERE, (1) Cos-POM T R ZEALNIC Z DREE & PR o 72 F FEA
S, Q) TOWAEREIL 0.1 mmol/lg THDHEWVWD Z &, 72, 3) K
WTH—ED Coy-POM NZEALNICHE E D Z LD noTz,

15 5 T A - AT G IR D Y R 3R 58 AR R & GTAI L 72 A5 SR A 4 3
IR, mpg-CsNy BAR TIXEIRIHC Lo THREN L RE LD o
7273, Coy-POM A W3 SHT-MA KR TIZMENBET 22 &0
Ihiz, Flo. ZONERRIAERINTERE Y K LT?ME%*&

ZEembhol, £7, mpg-C3N, & EEE =L kO BRSO
Af%ﬂhﬁ@ HECRBNIRET D Z L bbhhol, GiEaN
IV MEER L = 3L B (CoONZEA LT 5 2 &I K o TR R AL % fil gk
THIENRMONTERY, ZOMEIE. ZORMETTIFESEKEDN
FE AR CoO I KD b D LT TERNI LEZRL TV D,
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K 2. WEREICETHEMED IR RARYT L

(KBr /1), (a) BEKM Cos-POM; (b) mpg-CsNy; (c)
WERIEICKE > THRONEEARYRE, (d) 24 B

BIKRZEDEERERMEK,
2
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£ (b)
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3. EMKRICERFHEKT 25 ETHIESH(>400
nm)L B0 EOEBEREE (@m%)DEL, (a)
HEEIEMK; (b) mpg-CsN, EREEL T /N)L b D Bifil
BE; (c) mpg-CsN, DHDIHFE

2 — 3. &\

P RORERLE LTAREL (1) EXkEEIC L 2EE L.
(2) BERRIEIZ KD HERED 2 DO EE KT Lz, miFO%LA. B
IZ & 2 By (R i ) 0 B2l R BT O BRI L 2 AT o BEO msh R F
35 Z EBRMf SRS, EBEIC L o TR O D ERBITIER M
SVEREWMEBES MRS S Z LR TERD -, 5E ORERIETIE,
INLOMERNRYEESND LV IR EE-oT, SllTE
2, BERRIEIC X 0 AR AR L. ZONIREERF L, 5
HEE L TROBERFIEZEM Lz (1) 8RR, 290 FEEL
BUONAL o Z =t LTty 7 7 = VHEZRA L, 225 T Ot
T 5 2 LI Lo THRR OS2 TR L %I, ) EMmoff
B FHEE LT FTO AT 2% FIV, & 08 (KR 2 K Il <&
b DEH T ARERITEHBAT L THHATEDIRE THERT 5 Z &1
Ko TIER L7e, 7235, 2 DO ETIL Cos-POM IR SN TH T
CoO IZZ b T D EEBEZ HILHM, 7L Mgk E L TRISEME~D
e = 0 B & OEWBMRE LTz, ARIER U 7z SR 72 Bk 2 (%]
41T T, AHEEROZRTHER Lz & &12iE, oA s
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LLBHRAETH 7208, 37290 MBS EOBRICIFKE S LI
BEOOEMENE S,

1cm

H4 FRLEEEEBREBRONBEE., (a) g-C:N, (FEEE
o350 FEEE); (b) g-CaNg + BIEY 57> (BEBEO/NIL K
$81%); (c) PHI-Ag (Cos-POM $1%),

2— 4. NHEWE L TOIREMEOTN

EF. B TOBMOMBEFEIC OV TEME Lz, K51, 1B
L7z R AR 2 (R & U CL pH 8 @ U v FREEVA T C s
LM L 72RO R A RO A A R T, FEEREH @ & b)T
X7 T 27 (c) & R TERSER A E OHMMARED v,

0.3

o
(Y

A[O,] / atm%
e

Time/s

B5 FEREREZEABELETIBERILEMNBRAL,
) U EEARE AR (pH 8). +1.5 V vs Ag/AgCI TEEME
BLE-EBORRE, (a) g-CNs (BHEE/VIL M) (b)
PHI-Ag (Co,-POM #B#); (c) FTO #5 R 4R.

WIT, AT OIS LI 24 60 P T L ICHMED IR L7223 5 |
TS OERITIT HEMEIHT LIZHAICE bR D &Rt %
Mt Lz, 6l A v =L LTIy 77 = v 2RA LEESA
ORERRZ AT AT P IR S 2 L EREA N L,
TRG 2 T3 2 & BB 32 2 & Bbholz, ZOIEIE,
AL LCREEONREZA VD EELZZ L0, BlRONLIG
BHEREO LD THLZENbho e, BHMNOBICEL S T
T2 U ERA LR TEIERICOWTIEZ O X D RIEEMERIZ L A
RNl enb, B 77 = NSRS Tl
FTO JE#R & DBERBIRFEAEICHDTEN TN D Z L NRBEND,
At RBFTIEORBEIZE Y . ZORIREEE R S5 0N
bHT ENDbNroT,
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B 6. $+EAMREREIEAEEE LTEREREILIEKEIC
BohEABRGEHR, $960 T LICBI/ERGTERY
RUTz, FEBEBKRICENSAE—ELTEEILYS TV %
BELEZLOZAVZ(RK 4 OERD)IZHY), U UBEES
&(pH 8) P TOHER.
3. BAELCOETNHNESLEAMEDHE
INETOWHIRET, A AU RIENBEFD COy i L =7 A)EE K
R OIEMEA 10 LS5 2 LR A S TR D B AR SOS o
JE & BOGHER L & e od D B h RIE nn FAEERZ N Liz&)dh
NRFT T — RN AT VRIKOWR S ThdA ISV T LED
DEERTH B Z ERFRSN TS 7,
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N, | e+

<L N““Jemco
=N | ~CO
Z !
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B7. FREN-EZGPREOEE,

3— 1. ShRfBEO ARk

ALV Y LEENFOT =L T DKL LT, AL A
TEVY T A EFOE 3, 2 SR o8k 5, £ LT3 R0k
REHHELTZ, $5K3 & 5 OB TR, ThENOENMN T2 & 4%
BHID, P, AIFY =L ERICIOEALEZEEY V1%
Goldberg 7 I /LG L VR Lz, ZD%, 113 — K2 &
FERSELZ LIV 2%, TuExF A laiioq 34U Y
LAEEASEDZEICEY 4 Z2GT 52 LN TEI(A 8), Akk
FHEC LD, A IXV ) T h% 3O OMELHET 52 LN TE
oo TR OEMROEFENIIT R TEAM E BV —BE R LT,

3 — 2. flEREE D FEAM

TND3ODERDY A7) v I RNE TS T N AR T
ELIRERERT( 9. A 25V Y LETF—E T DR
L, REERCEB D B O L T 300 mV BN S T,
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é#l . oc o @fﬁ

= @N

S o S

4 N
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@M] on-

B8 AXHVYILERRBERITET S COETHEAM
B DA,

SHICA XXV T LOEBNELL 2DHFE, B2 EILEN 50 mV
SOFEMNCY 7 bTBZ ERbhote, BAOE Y Y VU RN+
DrBERIIAIFY VY L EEEEAT LRI, H1ECKT
Bons oz, 1 fEAT L0 CIEFT D@3 H 5 08,
B 2T TR, AR b A R L 3 S E TR H 5
W holl, ZTRETOMET, 2O L= ADSEROE 2 &
T TIEE T TN T A NEAL T3 B L AT PRl & 70 5 2
Lnbhro Tk, ARSI EEL, ZolEhRfRRICEEL
HxTWhrZeERnBxLND,
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9. B LEBEDYA IV Y I RLEET S L IE
ABBELTHSIAKA—RU(EE 3mm)ZANT,
BAHRIMM, REFB 01MRUYBWN'PFe 0.1 M 2&
COAFILRILLAT S FRTERFEAKT 1 Vis DF
SIEETHRIEL =,

AR 72 E %2 CO, XA T TIT o 7o R &~ T (” 10), A I XV Y
UL ET YA b O L=y ADEEETIE, RS E T
£V EMOEN B A RNIRD D Z L iibhro T,
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B 10. AR LEBEEOFA Iy IRLEESS

L, £HIE. CO, FHATTARARELIZE LS AL

. BMIRERL, HBEDE-H. BEEFZERITTOH
REmBTrRY,

Z DOFRBER O A RO b O LR A2, [ERY 2T

7 A T SR OB IR C O PEUE B & B O BEK
JEDIER B EICDNITZBEZITV, BT &2 1T 572, T ORER, fil
BSOS DL 1 1/4 FREEIZ 72 2 T 2 08 il B D BREN AL 23 300
mV BEEMICZS 7 FLTWHEHS, AR VICREIZZRD Z &0 H#
FEEnsoTl8 Wi, TZoREDKRTFTEICHMALNATNS] &
WD ERDhroTe, S%ERDEEN EOTed, BEREEIZT

HAIZY VT LAOMEBOHREZFFIRT T 20N ERH L &N
binoilz
4. $EE

ARG CIE, AN TG RO AL & 72 5 S EBMOVER D 72 D OFF
BHER, £72. 20 LWEKLFEN CO, ‘%fn@fzbmﬁﬁswﬁ@
PHIE 24T o =, BIEICHR VT, AHEEERE LI U CEBIER )
BERET LR, APPSR LTy 77 74 MEELRFEDL L
BRIV ANTEZ DA REMG, fitllte UCiiga 3L b L<
ARV AF Y AZ L —FEHAWT, 26 Z[FFHC FTO KR L Cht
T HZEICL T, HILBEMEOH L BHMEREZFHM L en
bholz, BERT IO X =L LTILS 77 = v ZRAL
b TIERICIZ-E D & Lf:i‘ﬁﬁﬁ%ﬁ%ﬁﬁ?@ﬂ'é ZENTE, A
L RBEEOREIZE Y. ZONIREMEAE S L LENRD
%, HEITBNTI, %f@%% CAIEV Y Y LEEEEAT D
Tl AR 2 B R T D DI TH D LS T A R
TIENTER, 4%, ZOoREHBEIE N Lo, B
BHE DR ERDULERD D,

=

5. #iE

Z OB, TEERFEAT L RATZE B IC X 2 & &Rt kX v bniz,
AVEHELT DT T 7 74 MMEEKTE (mpg-CiNy) % PR < fﬁﬁftb
TFE o R TERFORBAE HEEEIE LA L Y
Flo, BREHY LR RO A R, %ﬁ%%&\
WO R e B L7,
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1. #8

IR T 2 25N OKIE, BHE A ROKE LR B HE 2R T[1].
7ol Z1EF 7 MALICEB T 2 KOIEF ITHWEREER]L, T r kiR
HER)R ENREO—HITHS. ZOXIRT /ERNOKOIEE %
PR 2 2 &0E, mPEREZR T RIRT N A 2 DRI AR D T v
ANBEREDIRW 72 L, R NGTF /77 /Y —IZEDHE TR
IRV BC S WTRELE STV D.

F YA RO EAT HWEITEE FEL, FOERKT,
2 A R, ZEBEOWE CBUK/BAKME) 833 EF8ETHD.
FeEzZBER1IKRRT LK, BV —RF /) Fa—7
(single-walled carbon nanotubes; SWCNTs) [/ 3 F1 D 20 5 K 5
FTREEWE TH Y, BOKIED 1 RotZEiRE A9 H[4]. —F, Mobil
composition of matter 41 (MCM-41) (XU WM BN L AR S 4L, #H
KPED 1 WOLZE 2T 2[5]. AWETIE, ZDX 7T/ ZERHD
PEE A, WEKDHEE (ESCHY AT IR RE) LEDXE T
BIOMNIER L. RFET /MBI THL SWONT L84 T 1 Mk
TR (zeolite templated carbon; ZTC) [6]{C DWW T EKDMHEE %
M, T OREREBUKMEZRICNE S LK & ik L7z, X #REdT
(XRD) B, BRI (NMR) UIE, w~EEEHE (DSC)
ER EORBREATV, 1557 RS RIT W Iy F8) % (MD)
A ROCTET Lz, AFZEICIWT, MD BRIRIERICEE A
Bedl & Riz Lz, FRICALEEETHREEZTTS ZLICXY, NE
KOBEERF AT I 7 ACHLTHTF LD 7 o i a2155
ZLNTERE. ZITARITIE, MD EHENSE SR E D
W57 2.

2. h—Ro+/Fa—TJIZREBEINT=K

SEIERT ) ERHE DN, KBS TIE SWCNT & ZTC ([Z4& H
LTI ER T o 72, AR TIEKE ORGIZ L Y, SWCONT ([ZBIL T
BFONTEEEZPOLICIRRS . 2 h, AREIClE SWONT 12
N ENTARKOWEEIZONT, ZHETOMIEIZL > THLMNIC
o TSI EEMBISHRNT 5.

WeHEZ  WEEEE

Associate Professor, Institute of Physics

Munetaka SASAKI”

MCM-41

€F 74 FSERER

EF74F

1 SESFELT/ERNEOEXR. CoMEL, TONIME
RISKERNBTHIENTES. ChoDPEIE, ZRXT, ERA
Y4 X, EREOME BRKBKE) ZEORBIELS. D&
SHERDFEHIE, NBKOMEICKNIHEETSHEEZILOND.
TA 54 bOBEAXRE, XBOMS5IAL.

SWCNT 1%, 777 =DV Ry ZFIRICHLD ToRiF = hzEH
e (B lam 226 4nm BE) 2672 L RoLED T/ IRFEY
BT H[4]. BAIETHDRERFPOEAINDICHEDLT,
SWCNT 132 DZRMANICHEE D KENGLT 52 ENTE S, ik
BIEAE D/ SV SWCNT (1.1nm<D<1.5nm) IZBWTIX, ZhE
TS ESERFFEHY I 2 L— a VRERMEAITDR, W
AR RIR T R-[E R 2 L 2 L, AR OK (ice-NT) % hk
T5ZENRHLMNTRoT2[8-11]. —JF, XV ERBEOKEV SWCNT
(1.6nm < D) 12V TIHER, vIalb—rarbbla@Endn



<, EEHEO oL LTHREh W, §HfIaL—vs
YT, D>~1.5nm ® SWCNT IZNE Sz K DEfEE & LT,
2 J R POKCIRBERETE O Z @ A JOKA FRlE T 5 [12,13]. L
LERIZ XD BIEIRE+oIcirbii Ty, e RE0 05 H
B 2 b— a3 Tk, SWONT OF S FuIc AR a2
L7z TMERIZE VY SWONTJ Lo Tz, £ 2 CABE T, b
B E R DK Z VWV SWCNT (D > ~1.5 nm) ([Z2WT, flix DR L
AR SWONT & H W\ 7= 8L MD S5 247V, WK ORE & 2 A
TR R ERAT

3. — MG HE MD StEOME
WEOREECYMEZFHE « TIT 572D FEE LT, T H
r (MC) ¥, 418 i% (MD) R CoHE#y I 21—
YA WS TS, MC ERR MD IEZZH DR F+00 10 D
RAEERETERVIab—va VB ELTVS. MC T, R
TR FOHEFOREZ, ZOMBERNRLY ~ o aMmicit s &
ICavBa—FOHPIIRESYE, BEOT VTR E LT
HEHROMEEZRNT 5. LERn->T, ZOFETIEEFNIEEL %5
HZLIETEANEOME—EAZFERT DI LIXTERY. —JF MD Ik
T, R ot E I ROER RIS LN o CESTLH
RHDIOVFNRE BT L, ZOEEZEx%x LiBo TS, Jo
T, BRI LI ME R D VAR D Z LN fETH D, A
WFFETIE, ddt MD & vz, K212, FIMD Y2l —va
VOB T o —ZFT. UTFTIRIO7u—Fv— hMoESE, &
B MD EOFE T mE AOMEEAIR~S FEMIE, SCEk(14), (15)
REDHMEL S,

() BF S FONNRBLEEERETSS |

[2) BT P FICE - hEHET S [

(3) EBA R EHIERICARE.
At PEDMBELREZRDD

¥

[(4) RECENEHBTS |

| (5) HREDHTTS |

K2 MDYZalL—Y3avOitE7R—Fvy—+

FPFa=y bEADOY A XERD, EOVANIZGF (FIIER
1) ZELET L. BICEANIZH FEIERTZGE, TR % FFo
To TAR =L REEFI AV ERpSTMHEEE SO, &
ECER LARWSSITEE MR REE AV 2 0ER S 5. A
R, 2=y bt Eo<FALENL (£ A—=TEL) B
JABIZAENTWD LE L CEH AT L2 FETH D, AMER &M%
HAW5s &, RITBEICH A ZBREEZHZENTES. ZhiC
L0, ROV TOEREFARDL I ENTED.

WIZ, T ECE < HEEREZRET 5. 4y 1-TEAH

— iz,
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HERIZIZZ 7o T AU — )LV A EAER L EMEIER 25845
e, Thbb,

Vv]i]ntcr — V]}dW + V;St (1)

VN R AR AR R B 7 £ 725 7 7 v T AT —

NAMEERHTHY, RADOX SR F— K-
TN LLLHNWLRD.

iel jeJ ] f’;-j

Ya—r A (L) &

::f,@mm%i&jkmmmﬁﬁvbb,&gn%wm%,%

FIHPDORT i & FIHDORFjEDOMD LI NT A= L 5
ZOBROBB K 3ITRd. 05, VSEEEMLERTH Y,

BRIMO 7 —w CHHEAFHE LTUTOL S ICRET LN TE

Ot

9.4, 3)

TA»)

icl jeJ 4”50’}/-

TIT, g BRF i OFHAER, g REEOHTRERT.

Q, ....... i &7

V(r;)

ij
K3 2 BFEICEITHLFTF—F-P3—2X (L) RFroiviL

ﬁﬁow%.%@ﬁ%>9v»1$»¥—®ﬁéw%@ﬁ%>9v

LIRLF—AEAELEHEEDN 2 RFREERICHET 5.

Lo X5 etefifa ik 2725, WEkWE MD #HHEAZ1T5. MD &
BCES SR a2 < (Thbb, 2 By R A <) 0T,
WIS & U CoIMIRdE & IR oM A LE TH D, b ik
EEOLOTHDRW. EWVICHEZRIE LA THEE L TWD NE
DRLAD 5 72 2 W HE i 0 E) 5 fE S
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m. d2 ( ) F(t) (i=l,2,"',N) (4)

ERED. 22 Tm, 1, F()REThth, K i OHE,

NRY R, BT i MU ORL T DT DI TH D, T OXEREEIC
SOWTHSTHIE, (LKL TORRA O LRI E 2 THIT 5

TLMWMTED. TZIEL F(t) 2 r, OBMERBEB OB AL, TR

ok D Z L IZNEEZR 0T, MD IETIIEMEREE VD, M)
BAOBEMERD L HECIE, TRETSIESERLLOPRRES
nTWa. ZOW, MD #HETCELHWLN TV D BT, #5
RLE, THlF-EEk, R REE kR SR e 5. 2 2T,
WHEEBNCE L Tl b IE< VSTV D UL L DS ITELEIC
WCHIATS.
FP, BEOREL 05 AT T KK EMETOR S @ ONE

Pt A%, WA =tOEDY TTA T—BAT 5.

dr, (t) a° dr, (t) A8 dr (o)
dt 2! dr’ 3' dr
d'}(f)+if2d2"f(t)_if3d3'}(f)
dt 2! dff 3! ar

K+ A)=r()+ A +O(aty

r(t—At) =r(t)— At +0(a"y  (©)

ARG ERXG)FELADLYE, X@EMRALTEHETL L, UTOX
W78 %.
A y 7
r(t+ At) = 2r,() — 1, (t — At) + — F,(t) + O(At*) ™
m

T, K i OBUEDONLE & J), £ LT At FORTONLE & VT At

BHOMEEZROD LD THD. 22T, TR FHRT v v
B OMEM T E LT, AFOXSIcRkENS.

F ==V, V(r,n, 1) ®)

DFEY, NEt=t TOHTEAOMNBENLEEHETHZ LNTE
5. R(DOFEZRFITHNT THY K LFEITTIUE, RORRMS R
ERODLHZENTED., 2oL XRi+OEE L, XS HRA(6)% =

L5\,

d’;(l)zri(t"'Al)_r;(l_At)_’_o(Atz) )
dt 24t

LRED. RBEBICITEMEONEL 2B <oz, A7)ek

NEDVLEFE LEHES L LIEEREINIEANHLEND Z &
MNEW. Teks, R(8)D S DFHFIIM AN AR OEIZTAT S 72, kL
FENPRENEZNTETFHE A NRLNDE 2D (Fhi 1
ST B < MEAEH 2 AR BEAER 72 51X, MHAERASTOIT N
OZRITERGIT D). £ T, b2 HHE ML EEER T DR
+TOMAEERZEET D2 LIk, BEESTNESHEERSOKE
WIS 5. 2Oy &7y b AT HHEL RS,

PLEDOREICBNT, RTEN &RV REESh TV A
LI, ROBTFALX—E IMRGFEIND. T7hbb, #ok £
FZXsah )=k (NVE) T o T AEils 2528105,

2B = ANT YT NTE, ROBRESCE LR RS R
LLTHEZLND. LL, BHEOERDITE A CITRESES]—
EDOFRMEO FTiibhTlY, FHRAERE ERERLILBT 5720
Wi, BELENZEREFEACICTL2EHAATHS.

MD FHEICEBWT, B LIEHOHIENCIZN L DD HERD 5.
B2 0E, REEHIENZ IR O Tk, Fﬂ%@’i?yﬁ—yy@h
ERENDHY, ZROOFHEZ LY EEICER LAY xa - F—
VUERT —N—E, BB AT U LEREV S D T 2T,
KLY UTARBERMEKEE L CEEX S — ) U SEERANT .

RICEENDRLFITHWVITHEAERZ KT LA WARRHIER L Tk
D, EEIT R LX—ZFICEL LTS, —F, REEPEEY
IEMOREEICH YV, D —TEREICRD EET D LEH T KL

F—DRMNI— TR D. T THERFr— ) VU 7HETIE, KRt
Db OIEF T R LT — DTN, RORIE mVT LR O4HHHA

EgnbBoNdBT XX — 2% LR LI ITERT OME

EoRICAT =TS Thbh, AT AHO®RE v, AT

# f“v LT, UFDO XD e lEx21TH.

-

T2 ZERTES.

XY, ZOREEZ—EI

4. JXAE SWCNT O MD it &
4.1, SHEEH

ARWFZE T BRI, ABRE DL SWCNT1 AT
BENTAKGG O MD FHEEZIT- 72, K4 @IIZRT X 512, SWCNT
DML, K5 %&0>7FEE1”EH%0>/J\&\}\I®B$%EE% L. =
imm%%ﬂiﬁh BT, SWCNT DI~ & K51 A3
ME-TLED &%%<tb?&é.it,$WNTW%_W&
ZEE SN AKY T2 BEEE L, K7 T A5 —2 RN EEDC
mESEB 255 2 & 2507, SWONT 21§ 5 k% (C) R 11X
ZERNCEE L (F72dh, SWONT 04y 7-INIES), WiHESR), [
B OAMEIT VWb DL L), C-CEFHOMARIX0.142 nm &
L7=. KFIix, WI{AD SPC/E &5 /L[16]% H\ /=. SPC/E &5
T B ET A TH Y, BBE (0) T eKkE (H) KT

ZNEN, gy =—0.82e[C] & gy =+0.41e[C] D4 BAT 2 A

TWDERET D, 27T, e lTEBEXAFE®ETHD. SPC/E ET LD
A E, X4 IR,

SPC/E E7T /L OKGFBOMAERIE, O FFMicid/es< LI
BTy d, 0, H JRFONMEIZENZEINE DT85y BT

Fieb 7—arRT vy v EDOFITERSIND. SPCE £T /L
DLIRTA=5E, g/ky =T8.5K, 0y, =0.317nm TH 5.

SPC/E EF /L & SWCNT & ORICHIT 54 M EEMIE, O FT
L CHEFLEOMD LI RT3y é L, LT NT XA —X %



Eoc/ky =469K.: 0,.=0329nm & L7z, 22 Tg & oyl

Ecc/ky =28.0K, 0. =0340nm & LT, m— LY - ~L T —

Al (Lorenz-Berthelot rule) # W TRz, m—L Y - L7 o —

NE, BEFRFHOLIFRT oy VERET DTEDICHWLN DR
EJTA‘%V) UTFToLoickEND.
.+ O ..

g, = e, xe; gij,:% (n

LIRTF oy Ve 7 —arRTF oy Oy M4 7T, &b
[22.0nm & L7z

BAERE P RIZIE TR F-EEFEO—FETH D Gear Ik AW,
Gear tEICBIT 27 4 7 —EIAOKREIL S IRETE L, HEfED DR
WA 208 At =1.0fs & LCRAERIT o7, ROR I EREIT &
L, WETEHEARAZ—U 7RI L - THIE L 7.

BERORR D 7THEO SWCNT IZ2OWTK 4 (@)D L D7y AT A
EENTIAER L, NEKDTOMDFHRETo7. HVAT LD
PR AR ISR T. ETIREEZ 30K —EEL L TyIial—vay
R[] 2 ns FREE D MD FHHE ATV, REBCEHREEIC L. 201k,
Wi I8 25-50 K/ns TR~ 12 100K £ THAILT-. £72, Zohkkh

MDHEDERENS 10K T EICHRD AT vy F gy ML L,

FARE CHCEMRREIZ 22 5 £ T MD L A1T o 72,
CHERIE, 3-10ns BRETH S, 7 UIKE (BB X< 200K LLT)
IZBWTIE, Z0vIalb—a VTR E2 2Bk eI
THZLIETERNoT. THUTARY T OES) O AH BB KR T
TRWEZDTHS.

vVial—va

(a)

SWCNT Water (SPC/E)

K4 SWCNTI[CHEShI=/KD MD FHEEH. (a) KAE SWCNT
VATLOEXE. SWOCNT OMEiGZ# AIDETESE, AIEL
SWCNT [FZEMICEE L. AHEREFHEERL TLEL. (b)
SPC/E ETILOEKXE. FERIEEER (0) RF, FERITKF (H) |

FERY. HOHAE G, =109.47°, OH PR, =0.10nm T

H5.
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£1 7HEEOKAE SWONT VRATLDER. T, A435L
BH(n, m)I& SWCNT DHBEFIEET 2EHMETHSH. SWCNT @
ERERSIE RERFZEREALGLIEZEZDEZRLIEZ.

ML | EE & ma
a8 (nm) (nm) | KRFH
(9, 8) 1.15 25.1 190
(13, 6) 1.32 7.17 100
(15, 5) 1.41 155 155
(18, 6) 1.69 9.22 239
(22, 13) 2.40 13.1 395
(22, 22) 2.98 13.3 890
(30, 30) 4.07 13.3 1660
4. 2. FEHKROMEITE

BHN MDEHEERZHANT, FORT Uy L F AL F—D
2K 5 %wﬁuﬁﬁmﬁﬁmﬁ&%*b NEK DO FHER R
FEO L O TEREARZ. T, WEKOXA T I AT 57-

BIZ, Ky OlalfLE @@H#FHEHEF%BEJ%C (AR BRI S) ZFHA L
7o EIERFABE B SR &0, 0 TR O T E o K 9 A [RlERIES) 21T -
TWHDERTHKRTHS., SEIEREEND LN, AHFETIE
PURIC R Ha B B & /e

C,(t)= (B, [cos O(1)] P, [cos 0(0)]) (12)
ZIZTR[cosO()]IF T X v FADZHATHY, C (1) I FFAE?
M, C (1) F 7~ BELR NMR JllE & RS 5 2 &R TE 58T
b%. RBIZETIE, NMRBIEOHE L LT 2701 C, (1) 2 KD
o A LTO RS FHBRORLAY My () LT 5 L,

Cz(t)—f<3cos o)1)= < (u,(0) u,(0)} - > (13)

LD T, 0() Fu(t) & u(0) L OMOAETH L. ikl

[

BT D C,(1) Xt =08V T I bR L, & FOmEED)

T TEAEIZ, BT -< D E 0~ LTINS
WHEEAR B BEER C, (1) O F IR 23 AR E BB 72 556, & O[]
ZEAE X LA F 12779 Kohlrausch 201

C.(yxexp[~(t/z)" ], p <1 (14)

Xy LFLEERHAIND.

IITERSND ¢ 1, EEHBEER LIS, ALY, o

FORFEB A H T E, BHEAEBIRFFITE L 2D Z R0 b.
BRI BT, SWCNT A4k o [al #is 48 B B %% 1%
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B,=05-1.0 TE<HHRS NI

4. 3. HRLEEE
4. 3. 1. SWCNT REKDIE:E

512, I 360K & 100 K (231 2 NE /KOO —f &2 R~ 7.
360K T, SWCNT [E£E D (TR & TN E AL ELI 72 IR IR O # i T
b5, —J 100K T, TOMELDITK>THLI RRLZ LN
G, ThROLKREICBWT, D=1.15 132, 141 nm Ti&, /K
3 F S BLRTAIIZ BL A L 72 ice-NT #53& (122 ice-NT F 72 (L FTIH ice-NT
W) BRSNS DIZHR L, D=2.40nm TiE, NEKITEKETH
ik EomETh 5.

IS DOREEEIE, BTORT Uy LT R X — DR,

Ko ORI EOWREZE D bH AR TERS. 612, K5
F OENEL DR EZEAZ 7T, ORI, RORKSFHITK L
THENLEL 4 DRGFHENEDDEIE, fi & L. & 2 CRUNE S 1,
BDHKRGTFICER L& &2, TOKRSFIERBET K07 08
DZETHD. RFETIE, KouoyFREED 0-0 J7-FHEEHE doo % 1
EL, HHLEASFZEZPLE LT doo < 0.33 nm OHFPHICHFIET
LK TFERBEESTLER L. M62R5E,1.15<D<1.41nm
T, HOWRE T AT TANE LSBT D 03 mnb. ZOKE
{BA3, KM S ice-NT ~DIRE-FE B ZEEHITIE L TN D,
R THONE Tk, X BEPTERS, &Ko MD #HH
(72 & ZIXMIR R SWCNT X0, H72 2 KET V& HWIZEE) 12k -
TRObLNIEE BB LE—ET 5[8-12,17].

— 75 1.69 <D <4.07 nm (2B WV TIE, filZBEIE & & ISk ICH
ML, MEBEBEOFBIA SR, £2, DAKEWVIEE fAITK
RCHINT L. ZOXI R fADOIRADEHENTOVNTIE, KIETIBRE
B LN DilmT 5.

360 K

K5 SWCNTRHEBKDRAFv T awy biEE D=1.15 132, 141,
240nm TOR/REHKRMELTRL=. SWONT [FERTEL, W

BRI FOAZERTLTNDS. FEIBREF, FHRAKRRTZ
£9. ERIE 360K, ARIZ 10K IZHT2HEEETHD. FhEh,
SWCNT O F 2 —T#ICFTHRARAMNMSRIZE (top) &, Fa—7
HICEELAANDRER (side) ZRLTWLS.

1 T | |
,.._fr
=
je)
T
c
5
S 05} ]
R T i "
5 B 1.41nm
S ® 1.32nm
© A 1.15nm 27K/ns
E -~
I B 2.98 nm

0 P | 1 1

1 . r .
,*_'ﬁr
= ZTC
Re)
©
c
5
& 05} 1
<~ !
S | ¢ 407nm
5 ¥ 298nm
‘g - A 240 nm 27K/ns
e . @ 1.69nm ‘

0 1 1 1

0 100 200 300 400

T(K)
E6 SWCNT [CHEINfz KA FORMCBDBEEEL. RO
X, ROLKSFHICH L TEREK 4 ODKIFENEHDIEE, £
THb. EHIF1.15<D<1.4l nm, FEIZ1.69<D <407 nm TD
HERERT. WREBHICTHHIC, D=2.98nm TOHERITEA
DOEIZFELTWS. Ff, TRICE ZTCREKDERLRLLE.

4. 3. 2. SWCNT NEKDEELAF IV R

7 (U, ABFZEIC X0 R =N EKO ElEEAH B 7 O R E
BAbZERT. 115<D<1.41nm TiE, 7EHDWELLTF CRIKICHE
MT 5. 2k, BEMEICR SN2 RREES (K6) &Rk
12, WEARH HIELLT T ice-NT #JBkT 2720 ThdH. —J7,

1.69 <D <4.07nm T® 7 I, T:foexp[g/(T_TO)] TRISND

Vogel-Fulcher-Tammann (VFT) BIORERFMEEZ /R L, HEN KX
VME E O EERFENE SR, 2 ORHIE, X 7 (b)I2RT NMR
EDOFRER[18] & EMEMIC 5T 5. Z DX 57 VFT BLiR KA
IZOWT, ZORFEEZLTICEETS.



(a)

T (ps)

10° 4
__ 10t ]
w
kS
B o SWCNT |

¢ 407 nm
¥ 298 nm
10° A 240nm |
@® 1.69nm
0.003 0.004 0.005 0.006
1T (1/K)
10° NMR -
i ZTC o 7
O
®
— 10°| OOCQ 1}... i
Q.
- g
10°F LCpEY SWCNT
0% ¢ ¢ ~4.0nm
S
1 .
L ® 168
| A 145
0.003 0.004 0.005
1T (1K)

B7 SWCNT ITNEENnf-KDFOREMEERBOEEEIL. (a)
IEMDETE, O)IENMREAFEICEYRDE. QD ERIF1.15<D <
141 nm, FEIX1.69<D <407 nm TOHEHKRETT. LEKZER
SI2T 5=, D=298nmm TOFERIFEADEIZRLTLS. F
=, @DTRIZE ZTC NEKOHEZELRTLEZ. bIZELT,
NMR BIFEFEKRKER@ LT 5 EED SWONT HBE LU ZTC &
ISDVTATLY, *HBRAEVRFRMNEGH M ZRAETSZ&ITLY
T E#RHT[18,19].

M6%ZR5E, 1.69<D<4.07nm [ZBWT, fild DBRKE VI LK
BCTHEMT D EBD05. fild, KFEFBBEICHFESFLTWDKST
DERDOFETHDL ERRTZENTED., 2D, DABAKENIE
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L NAKDOKRFEREE DRI CTHRET L 2R LTS 2T,

LB D R & VY SWCNT (F EKFEHEA ISR 2 ZE A 22 il BRASEE W &
EZNEFE LR, 22T, tOVFTA (L LIFHETL=U R
) ORLBNO—KIE, KER/HEOREEOREKRFEERICH D L
WL, rxprictLcrry hL7e (K8). M8k, »iel &

bEIRICBN T, =7 exp[E, f,/kyT] £\ 2 ATt DiREKAS

WEBRBIZRITEDZ NGNS, 2, BRBEE EBITAN
B (FRbbKRRHERRE) 528108, K TOEERD
TP LT R VX —Efy DHMNTH 2 L 2R L T0D. B8 X
D, Eoks DffIE 2500-2900 K B2 & ALFE & Hiv7o. Z vl 7n
KEFBEOREZAINFE—TH D 2400K EBEBLE—HL 5.

10°L

10°} .

— 3
o

10"t §

B 141 nm i

® 1.32nm

10°L A 115 nm |

------- 298 nm ]

103_ T T T -.A _E

.-'..._0

10°}
mn
a

= o10'E .

¢ 407 nm }

¥ 2.98nm
10°L A 240 nm 4
; O ZTC @ 169nm ]
0.001 0.002 0.003 0.004
f, IT (1/K)

K8 SWCNT [cRB3hi-KaFOEGEEBFMOEELEL. &
EHTELTTRY Lz ERIE 1.15<D < 1.41 nm, FEIE 1.69
<D<407mm TOFRRETT. LREBRBHITT H1-HIT, D=298
nm TOFBRIIEADOEICHKLTWS. Ff, TRIZIE ZTC AEK
DFERELRLL.

4. 3. 3. BRARTEKDFHFAFTIIR

ARFFETIL SWCNT IZII AT, ZTCICWNE ENT=KDL A F 7
AbBPARTZ ZTC L1X, YHE AT A b EHHE L TARESNH
LWEZAEIRFEMEICH Y, B—2ER (1.2 nm) OF /2R,
FOBHBRTHD YRIEA T A MCHET DA 3 RekiE &2 A
T 5[6]. T Z TIX SWCNT @ 1 IRIGZER & ZTC O 3 IRIL 24 & T,
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WEENTZ KD FOEIMICED K 5 RIEVNE L D0 E LT 5.

712, MD FHF & NMR HIED 515 b B R - &2 %
NENTRT.KME Y, ZTC NEKD 1% VET BOREREEZ R L,
SWCNT [ZHARTREKRGFES BN EN 0D, K645 /D
L, ZTC WEKD fi1%, (KR T SWCNT (1.69 <D <4.07nm) LY
LML TS, LLEORERIE, 4. 3. 2. Tilk7z 728 VFT
A OIRERAFIEZ R T DI, WEKOKEBEDERE & HICHE
THEDTHD. ] L )iEime FE LRV, SWCNT & 1 It ZE
[T, ZTC @ 3 Yo ZEi 3K R A a3 2 22 HY 7 il K9 A3 8%
<, B & & BT ZTC WEAKIE 3 RIEMR KFREDO R Yy N —7
Wit ESED. L0, ZTC TiE 7t ORERFEN LV #E<
Tol-btBZBxbhs.

4. 3. 4. ERBOBRKBKEEKDPFELAFTIIR

WA, ZEiABE DBLK/BRAMED, NEKOEENIZ &0 & 5 IS
LinEEawm T D, THETONRIZEY, SWCNT O 22 EE LBk
B (b LIEBEAN) THDHZ EMARENTVD[20]. £ZTA
BFFETIE, SWCNT & Bk 1 otHlFLTdHh 5 MCM-41 & T, N
KOFZAFTITANED L HICRR D0 EEE LT, 9 (b)iZ,
NMR HEC & = TR &= Nk o[BG B 2 R4, 22
T, MCM-41 NEAKOT —X XX E V5 A L. KXy,
MCM-41 |ZH_C, SWCNT WK ¢ X EERIFEN T <, (K
T 2 AU RN NES N ER NG, Thabb, BkHR
MCM-41 & [T, Bk 72 SWCNT WEBIZI W T, /Ko TIHKIR
FCTHWEREE Z LT D,

DX D RZEFBEDVEEIARATFT 5 7 DIRD B ORI Z B 5
IZF 572, MD GtH%Z4T-7. A& MD #t% TlE, SWCNT N® C

BT LKRFTHO HIETLOEO LI ST A=5, g Ofiz 214k

SHHZ LITL Y, SWONT ZEEBEDBUK/BKMEZ N T £k &
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Table 1 The conditions of TiO_ coating method which
used TTIP or TBOT as the precursors.

L= TTIP solution (g)
Sample No.
VSN TTIP 2-propanol H,0
K % N (a) 50 - 25
PR (b) 50 - 50
B — P (©) 25 25 25
WF 72 73 (d) 10 40 20
2% L TBOT solution (g)
Sample No.
7o T TBOT 1-butanol H,0
W5, L (e) 50 - 25
L HE ® 50 - 50
kD ok (g) 25 25 25
Z N A (h) 10 40 20
vH =
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REIZ TIOx A —7T 4 7352 LT, MAMEDR Lz H
L7,

ERRAT B~ 2 ALEE DO B FHT 2V T, LiNiaCobAl -a-502
(NCA) (HAALZPER, NC-02) x5 & L7, NCA L.
BWEEREEZA LTV D 2, Nirich OMECH D720, /K

Pl Y
{5}

T

Diischarge capacity retention / %

Figure 1 (A) 1" cycle discharge curves and (B) rate performance
for TiO -coated NCA samples (a), (b), (¢), (d), (¢), (D, (g), (h)

with FAE and (i)bare NCA with PVdF, respectively.
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Figure 2 TEM images of the sample of TBOT-4. (A) low- and
(B) high-magnification images.
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Binding energy / eV
Figure 3 XPS spectra Ti 2p region for TiOx- coated NCA

sample ((a), (b), (¢), (d), (e), (f), (g), (h)) and reference TiO2.
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High-Capacity iLiNiaCo bAl 1-a-bO2 (a > 0. > 0.85 ) Cathodeand Its
Cathode Performance to Apply a Water-Based Hybrid Polymer Binder
Binder to Li -lon Batteries, Electrochimica Acta, 258, 1348-1355 (2017).
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Initial Structural Design for low vibration on Fuel Injection Pump by using Analytical SEA
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Scheme 1. Synthesis of LPEI-b-HBPA and LPEI-b-LPA via click reaction.
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MM, =1.08) 27, WIZ, =TFNLAFXHY Y CORBRESZ1T->
T2RICT oAb MY U AERERSE T, ax0hTROT U KR
DRV AXHV U v (PEOZ) 2157, 56472 Y 7 I K& PEOZ
ZROTRASID) LB FFEEFTY U v 7 Kb & Z ATy,
PEOZ-b-HBPA & PEOZ-b-LPA % f537- (Table 1, Entries 1-4). i\ T,
FNHIC 3 M HEREEEM STk fig L, LPEL-h-HBPA &
LPEI-b-LPA %#157-. 1 5% DMSO ML, KPIZHE FLTH

CHERIL LZBICT b I A PRI U 2ERESETY Y AL,



A O SEM & JHIE Liz. ZOfES:, LPEL,-b-HBPAy, DA T
RO RS TRy VT — I HEEEAT DU U (Figure
la) 7%, LPElp-b-LPAsy DA IXMERLF 723k D >V 1 (Figure 1b)
BENTENBE SN, %, LPEl KOO HREAEZEL T5 L,
LPElsp-b-HBPA3s DE1E, #ERRFZRBLIRD > Y U (Figure 1c) 73,
LPElLg-b-LPAsy, DA, EIREEEZ AT 5 U U (Figure 1d) 28
ENENBEL S T2, LPELg-b-HBPA3s 155D LPEI 23 E W
bbb PRIFBENBE CE Do DI, RS O
BHEILLZbOLEX, Kkbhicr vy 7 kEEKD DMSO HiR 4%
Mz 20 TERL, Wiy vy 7 EEERO DMSO FIRIZK %
ATy U b alat Lz, ZOfR, FFICKRER, Althl
Bk > U J1 3 BlEE S viz (Figure 2).

Table 1. Synthesis of PEOZ-b-polyamide and LPEI-b-polyamide

Entry  Sample name MA(MALLS)? (M,,/M,,)P) DpP2)
PEOZ Block copolymer (PEOZ/polyamide)

1 PEOZ4-b-HBPAgs 4190 (1.12) 9760 (1.12) 42/36

2 PEOZgo-b-HBPAz5 19000 (1.15) 32600 (1.10) 190/36

3 PEOZy-b-LPAg 4190 (1.12) 9690 (1.07) 42/50

4 PEOZygo-b-LPAsy 19000 (1.15) 20100 (1.13) 190/50

a) Determined by GPC-MALLS. b) Determined by GPC based on polystyrene
standards (eluent: THF).

2.00;zm
of (a) silica@LPEly-b-HBPAss, (b)
SiliCa@LPEIlgo-b-HBPAge, and (d)

Figure 1. SEM images
silica@LPElL,-b-LPAsy, ()
SiliCa@LPEIlgo-b-LPA50.

. 50.0 um :
Figure 2. SEM images of (a) silica@LPEI,9o-b-HBPA34 and (b) magnified

image of (a).
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(1) T. Kanemoto, N.-J. Lee, M.-W. Heo, B. Huang, Y. Nakanishi and Y.
Funami, Counter-rotating turbine in unique power unit provided for
bidirectional tidal streams, Proc. 12" ISOPE Pacific-Asia Offshore
Mechanics Symposium, ISOPE-P-16-097 (Gold Coast, 2016.10).

(2) Y. Funami, Y. Nakanishi, N.-J. Lee, B. Huang and T. Kanemoto,
Counter-rotating type horizontal-axis bidirectional propellers for tidal
stream power unit, J. Power and Energy Engineering, 5 (7), 34-44 (2017).
(3) Y. Funami, Y. Nakanishi, N.-J. Lee and T. Kanemoto, Bidirectional
type horizontal-axis propeller installed in tidal stream power unit, Proc.
13" International Symposium on Experimental and Computational

Aerothermodynamics of Internal Flows, ISAIF13-S-0034 (Okinawa,
2017.5).
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Development and Analysis of Chemical Reaction Triggered by Ultrashort Laser Pulse

Izumi IWAKURA * Shoji AKAT**

1. #E8
ANDHTH L Z ENRATRER @ HBLR L, A b RGHEZ#EN
iR T D2 L TR TE S, RIS, ﬁ%ﬁi‘ﬂ%@m‘é%%ﬁi U
%Fﬁi‘ﬁﬁﬁf‘nﬂfp’fﬂbvva L—HF—FERAbrRfte LTHR
AL BOG A A & 2 RBE - 2ERT 5 & QT&TWtf%é
HEEALA D 1000 7> 5 2000 BN 2 B REIEH RO 5 F IR E)T
3306 17 7= MREBOIREITH L. 20, (LFRIGE A
BT 2720021, POYERE 10 7 = & MR LD BV L KR
METHDH., ZHNET, a7 10 7= A M LR L—HF— Y%
FAWT, ALZOGSBEZ L L TE 7=, Lo, AIDERKIC L
D BRED S A B WSO TEFRE &4 5 72, Hiiz (I ERAMEIR OV 7 10
Tz A ML ALY EEAESEDLZ LITLE.

BENST10T L MDRLRAL—HF—R0FE ®1)D
FH YT AT AR (Legend-USP-HP, Coherent Inc.) 7°
LEBEIND 72UV A L—F =N (800 nm, 2.5 mJ, 35 fs, 1 kHz, /K7

) ZIEMIEHRET (B -BBO i) 12XV & Z&dd (400 nm) 12
24 Uin. R4 S 72 400-nm /XL A L—V— KA FHEINS R
IR OB L, BHEINTICHES72 800-nm /XL A L —H — W & b
W2, 20 400-nm SV A L —HF =N ET I HTA (1.4 X)) &
?ﬁ%f Licdhm =7 7 A RN—=ZHEN L, AT bVIRE T, IR

RSN L A L —H—3 (350~450 nm) & L7=.

_@A'm»fnjz [FEEON L A L — =31, R DL R irEA b

%ﬁﬁﬂ*—kﬁ)ibét&b biiBE Etmaﬁﬂﬁu\fﬁl TEor 8 A e Lz,

WIS, ERGEAEMIET D720 %*’Jlﬁlﬁ%?kﬁf’ﬂ‘%fﬁ%m
VN TS b A T i LA R %a‘:’f%%.’*é Uiz, @kl Ry o il

0 ST A BRI LAHIE L7z, 2L A R 2 SD-FROG i (Self
Diffraction-Frequency Resolved Optical Gating) |2 & W FFfli L7 & 2 A,

657X MNPTHST.
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(1) S. Hashimoto, A. Yabushita, T. Kobayashi, K. Okamura and I.
Iwakura, Direct observation of the change in transient molecular structure
of 9,9'-bianthryl using a 10 fs pulse UV laser, Chemical Physics, available
online (doi.org/10.1016/j.chemphys.2017.12.016).
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Study on Intelligent Visual Information Processing Systems Based on Sparse-Coding Theory: Statistical
Modeling of Moving-Image Sparse Coding and Its Applications
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1. [FC®HIC

MEOMIEE, TSR ey =2 AL LT, 364
DOWFFERRRIZ T, 2016 424 H XV 201943 HETO 3HFEMIZH >
THEM L. TOMEANRIIZIEICEDL D, KRETHE, ZOANT
e b JEREAY B S0 22 P98 & L CREE S 72 “Ehimi{g B Bl o
HMET V72O ICERERY, 557z EERHFTEMK
R, WREOERLEEL L HICERHLTRT. FcoV T,
FFRAREHE DB AE LIRS &2 55 S,

2. HROBE LB

AR, £-MRI BESEEA A — 3 2 7 ORR O 25 4 RN IE % 0 FER
HILZ T B 2 B 5 2 B O MEAR T L 0, iR R R Y I
L, & <ICHFESROMRREEHE O & Z DOBMERX 7 = X L0305
NZIhooH 5. 20 HALOMIRRB T, 7402 U v 7 B
SHEEEHIEBEGR & C O BRIV IR & L7z D. Marr OB EHRE T
A NIRRTV 722y, 1990 FERCEIEIC B A
Olshausen & D. J. Field 1%, [EREHDOMNEBIZHEI CTH D]
L BB ERE L Y BETIE, ZOBERIEHS, Kb
BIREERG LR ST 5.

R LL, [ESN I HoRRTFOBRBHKE TEREAIL

L) ZEHEEWT L. E, MAREIFICRT 2 BERBGE &

i, THENREME LD, MICE > THERE BT B
RENGIEL, —FHHER THIZE > TEERARE 5 IS8

FHIIGFHE LR W] ETHEEERTH .
IHIZ, T, HERIAOBMEZEATSH I & T, ZEMRE
ZRITRGEIRIZHE D5 2 & e < EMICHENE S5 2 L ATEER
TRIEFENE” BB S, ZhE O BEI R Lo T “Fr b
B LR E BT DL BB L5 2 E B L SN,
LaL, By —r v A5G e LIRES 81T, BiA T,
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LI LTERL. AIE7 0 Y27 FTIE, MIEREESOZRE
TOMZERE R % & DITHE S W 5 LN B> 2R e L
T “BEGBEROEHNTT ) 77 2R BT, TOMHNT
B2 BRI B OIS H L L, & O ICBh M 18 5T o0 i BE (IS I
JEBRT 2% 72 O SR A 2 1S L7

3. 3RFTDFTBEICH T L HEGRERROMAMET Y >

WFFEAREFHE B IX, 2016 FICHEMAYRBIZE L LT, BIEI{§E I
L7c 3 WOt V-2 3 BESL B RE[R) DFT Z MRk U, 2 4L 2 B G e 35 b
E~EEM L, MR EAKUEOF B GHE TR E Tk & AHE L Lo
NIMEEREMREEZ ST 2 L2 ERMICHL N L Bl Z0ffF%
IZX Y 3WICDFT BBV ERIE L DR )72 — VTl 5 Z L N FEFES
N2 Z & &%, 3oL DFT REOREHIET U > ZIZHE D AR
wHEY , H3E DFT AR D 2 WL =R A0 % BRod FRo A & L TRy
IZET LT D FEOBRICE T LI

HARIZIE, 2 B IRATIERKI BT 7 2 (2-C S°GM: 2-Component
Spherically-Symmetric Gaussian Mixture) /54 E€7 /L &M L=, 2-C
S’GM E7/VIL, WHKRIEEEEESAET LO—2ThH LM,
FOPIFE SO “BMEORE” & “BLHSILET VT ZBRTER
THEED I EMNTED. 2L 2-CS’GM ET /LTI, BitEE AT
2% 2 WICIHUE 5 X OFRIHERIAG p,(X) &, FEMEOIRNMEZ 1%t
G L BN S TR B o P 2 RGTERX BRI T A oy A
©(&;0,05,) &, A EMED R WE 5 IS L7 AR & 7255
o5 1 P 2 WICERAFEA 7 253411 g,(X50,05 ) & Po: Py DI THE
REICHEA LR B ERE L LT, RN TERT 2.

Py (X):=Pyxg, (i ;0, O';[o])+Pl><g2 (i ;0, O'SZ'[I]) ;

0<P, <1, 0<P <1, P+P =1, o5

(1)
<0'52'[1]
T, ERTTESROA S — OFRKIFER A 7 A KRS D 4
RIBE” ZWRT DL 910, ETANRT A= B0 04, DF
RHHEREL TND.

JAE 5 XACHEE w I o 7o BLE S y=x+wW DBl S LD 5



PEARESR p, (71%) 35, FHIR, S8 o2 (>0) D 2 RITEREFRA 7 2 5
T g,(§ 1%, 02) IHED O LILET 5. SO L X, HILEE y 5B
SNBREE p,§) 1L, KA THEZHNS.

py(y):POng(y;ﬁ, O—;)+P1ng(y;6’o_12)§

2. 2 2 2. 2 2 2
Gy 1= 0y + 0y > 0, oy :=0y, +05 01> %

@)

Z DRI & HRIC GM,(0;02,0%5P,B) LR TH. T o 2-C
S’GM EF /UL, ZODMSEARET N/NT A—H P, o2, ol %&b,
T AL B O LK BTG S — 7 o ADE RO 3 R ITASH DFT #%
BOF L TNRINN BRI “FORESD 1K, 2K, 4 KE— A
ROV TAHEEM B, Fxar op, w,LTH. IDEE,
[f—oO#itE%EZ 525 2 %ot 2-C SS\GM DA ET VD = DO>DET )V
RTA—=H Py, o2, ol KDDL EEBEL, HFEHD 3 KT
DFT REDOHFMNET U > 7 fThbhsd. 2 kot 2-C S°GM 434 &
TNDET N/ST A —Z OFGHIHEEIEDFEMIZ OV T, WFER
KT LOTRBIEZ SR E N0,

MAET UV v 72 ko TR b “ %ot 2-C S°GM 4y
fiE 7 N GM,(0; 0,003 P, B) OHERBE LB D “FIR™ Z7FT 5
72, TRIEES OREEO2RE—AY BRI 2 & —8T
%X D122 It 2-C S’GM A ET L EHSILT 5. Z OBk 2
WG 2-C S°GM i E T viE, kAU TH 2 b5,

__a o
P, 602 +P 0'12 ’ P, 0'5 +P, 612 3)

P-S+P-T=1& P+P =1, 0<S<L, T>1, 0<P <1, 0<P <l

GM,(0;S,T;P,,P); S

B, MNLRETNINT A—HL, P, SO _ODHTHSH.
V2, fix ORBWEEA T v 7 AU, m, nT2OWT, “H @
o —2 v ADOHFEHD 3 WICZEHE DFTHRHUT Y TR O B L7z Bk
b 2 K TE 2-C S’GM 534" D O DML IRET N RT A —H Py, S &
2WITIERE FIC 7wy R Lz, ZHUC k0, 550 3 IRITASHE DFT
R OB ZRR IR & 5 W[ 11X, 3 kot DFT O
TITay IOV A X §x8x8 L L, “FIEHO ITEEEE ) 70—
LB — A RS LR THDS. M LISRLEZL D1,
2 DJEWIA T v 7 A1, m, n)D 3 IRITTASHE DFT AR5 % LT
ROOENTEET ARG A—=H1L, ZDE (P, S) = (1, 0TI IR
ELTHY, ZoZ LBEMICEHENRS, Bl ITHEEORN
MEENAME L TETMMEISNTWDHZ EEZEKRLTWD.

 (Lman)  (Lmn) I Vertical
0g L8100 @® (1,1,0) | m: Horizontal |
T 1O (0,1,0) ! n: Temporal |
[1x (0,0,1) + (1,0,1) T A
0.6 1< (0,1,1) 3
N FLe(1L1,1) W (222
04 1 AGH | A
I “Crosswalk” (Blue) ®
0.2 ! “Whale Show” : O
| “Sk ” (Gray) | =
| “Skyserapers” (Gray) | X@?%
O L L n L i h )
0 0.2 0.4 0.6 0.8 1
PO

1 8 EA T 7 A1, m, n)D 3 WITASHE DFT AR BT Y Tk
LT BIRAL 2 ROT 2-C S’ GM 3 Ai DEF )L /8T A — 4 Py, S.
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4. RAX IS HTFEHHMOBREPEGET~DEHA

HeE w O ol WEMTH D EREL, 2Kt 2-C S'GM EF
NO T CTBRNAIESy P DEIES X 2T 2 Mz <A it
FHFE O A THREHRECIE & L e L, Etil D Z R
T EERIMET D E VD B TCTORKIEMEEZ A L7414 X LS (Least
Squares) HEE & EATIOICEA U7z BI%k & LT 5 P L <z, 3
Wt DFT & MW= #mgE e ~os i Tk, L2)o Zkie 2-C
S’GM HATET N TET VST A= of ) & SIS 0 IZ[EE L
7o “HSALTE T V7 ATk LA L7 IREN D <A X LS #fE B

x(y):jmzpr\Y (x‘y)di:cl~ L ~2)
l+c, exp(fc3 HyH )
2 2 2 2 (C))
s P, Oy + Oy 1 I
G == 2 ,02=F- 2 ’6325' 2 2 2
Oy + 05y f oy oy (O'W + O'S'[]])

BELWHRZ L. ZONA XLSHEERKOH N7 M v
i3, ANy ER-FRTHD. EoT, KM@iF, ANyoOX
X IORIHEMA T AAAHIRFE! Shrinkage DE ‘A HT 5. 7ok,
BINSEEEBRIZIEA L TV DHEE w O3 o 12, @K 3
WICASHE DFT ARE S m S ICHEE T& 5.

FERNEANE 2 A8, HET 1295 S - B4 (L Bh S o> 3 ot )
T8 BERERER] DFT 128V T, %% OJEWNEA > 7 v 7 2D DFT
R A~D Z IR TE 2-C S’GM A DG ALE T VO Tk &3l L C
K@) DA X LS HEEBI S A MR L, Ziz %) Shrinkage <
J& Shrinkage & A& CTHEEL L, DFT fREU A7 FE - 77 Shrinkage
L LUTCGHEIGMICEHT 2 2 & C, MR SRR IS 1) Lo FE
RS D Pl £, 2@ TOMEART A —X1%, LHESRO
BIAH BB B OLN D HERICRESRD. 29 LTRSS
3 WIT B Sy BRI [ DFT 8him 435 bR 50k, 2018 4RI
TSR @ O MR R B RE A R LTz Bl

5. &IV

ARFFETHE L “BhEGERBLOMFET U v 7 HIE 13,
G T O @ EALIC R DE e W e iF T v, 5%, £
OBEGETCIRE~LISH SN Z E A MFF L2 0.

6. SEXM

[1] B. A. Olshausen and D. J. Field, Sparse Coding with an Overcomplete
Basis Set: A Strategy Employed by V17?, Vision Res., 37 (23), 3311-3325
(1997).

[2] /MaKE, HREE, FEERkESL, FMESEER = YOt ST-DFT % iz
g oo ls, B EHIBIE T aE OGS, 1100-D (9), 842-845 (2017).
[3] #iRRESL, AMRFE, T 2 ME 50 DFT RO 72O LWL
BT IRA IR R 7 AGAGET V& ZDRT A — 2 HEE, BAIG
WAEB{E 5 SCEE, volJ101-D (9), FIRIH (2018).

4] REERESL, AMRBE, RG] BEi{% o 3-D DFT (RO REEHY
7YV 7 L ZOBBGEIL~DOIG, EAEHREBETS - BT
SERFZE 4, TE2018-6 (I B, 2018.5).

[5] T. Komatsu and T. Saito, Statistical modeling for 3-D DFT
Coefficients of Moving-Image Sequences and Its Application to

Denoising, Proc. IEEE ICIP 2018, in print (Athens, 2018.10).
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iz, ZOERFIITEWEEICET 5 Bloch DEHSS 71 v 7O
EHORITH L D HMOIN TV, HHE B S 2 N A Wk
TCETNLZRTCITER S 2 2 B3O THREEE 572 2 &0 b,
1990 AEMRB L E TIEBENZR 7 4 b=y 7RI HFEE LR o 72,
D74 b=y VRO TWOIRT V¥ v VL, EBHIEO K
RRNRIZE EE B B2, PSR E D B LTz R
Mot 2 8 A3 5 &, 2 DO RKEO A BRI RE GERBLS)
T 5. FEERICHRRMEE 2 EAT 5 &, T ORI % BRI MR
BT 2B E 2D, S0l DR & AR 2#M6 b
HZ ik, BRI EES D &0 o o5 BT XA X DOIRRE
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B B B~ O I A4

ERICH AL 91E, 74 b=y 7 FEIC K2 2R BRI O
& ZDIcMEZRET 2R RA EERL, 74 b=y 7k
P CIEZ B OERIE B IEF IR AT T 272D, EROYERE
W LIFRE S B2 08BRNEND. 20X D 220 Bk 2
MENZFIH T 2 2 & ¢, BEICERI RO G AR A3 5 S
WAL FREBTELEHGFENTWD. 2 2 CTIEERE OIS
J5 1 & FAEISHIE L 72 43 s [nl B8 o F% 541 (1) & THz #5/3 R
A7 4NE (M2) ORFHIEEZ D, FRHCREE S R T ¢
NE DA — NteE B T 572002, WM AT 5 2
LT, RIBAREREE L TS Z L ITHREVEETH .
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L, EAEWK THDEBIESRKT 0O 1515 B BR 72 8K baE
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P CEMAMREZRDFEREZLT. Zo&E, ANERIE
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EEHERET Y 32 100 Qem, HEREETE £ =11.56 O AGE LTV
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I RPHYE CTREE L TV AL GERNE, iRl #E 52 SR FR)IK
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circuits using metal photonic crystal. Fig.2. Structure of metallic PhC four-pole filter and synthesis result of

bandpass filter with two transmission zeros.
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HALFNIDE ) ~—1b, Thbb = LI a F o 7= HAb A O F| FH A3 1
ATVD, TTIZWL DD USMEIALAI Eli S Tna i, =
oW L ILRIARETICE =L EE RS b O TH B, —T7,
WA KA A Rlc e =R RO =— 7 723" (Scheme 1,
C4-R) MBI SN T WD, Zild, — a7 T =4 o PEFALA C4-N
(Scheme 1. top) M BHIEFELFHRER FIETHMTE 5,

AMFFETIZ, C4-R, C4-N DFALA & L TOREME (FFIZ I BB
PERLI A OHE) . IO EHWEHMAREAOEGEE), BX
CTT v I ADWHE~DEBEOFE O OWTHRG Lz, ok, v =
NEOHMED KB EFIRD DI C4R ZET LT =L EE 7

CH,
C4-N @—{:—@—o—écnz—mz—o)—so; +NH,
CH; &
CHs GHy GHs
C4-R @—?—@—0+CH2—CHZ—O+303‘ +NH-CH;=CH,—0-G-C=CH,
CHj 4 CH; o
CHs s GHs
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CH, 4 CHy o

Scheme 1 Emulsifiers used in this work
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RVMEEAEE TH D C4-S LA L, BEtETTo 72,
2.1 HAAUNRLGEZEALFFED S 2L OBEED L

FALAI C4-R & CAN DI BASEH (B EBRT DA
F#. MA) Za0taokiET, I'AR (MD) & 8L ELELIE
(Malvern Zeta-sizer) THIE L7z, C4-R DN C4-N LD MA N/h &
WIZH D BT MD BRE < 2 EANOIALH S OBLE A EL
HETHDHZ ENHEIEND,

Table 1 Micelle-aggregation number (MA)
and micelle diameter (MD)
MA (molecule/micelle)] MD (nm)
C4-N 29 1.2
C4-R 18 2.6

3. RAAVHERLDFLLHER WAL EEEZHORBH
FPC4-N & C4R ZHV, TV HNBMEAIE L RS U v A
(KPS) #H\W, E/~—ThdHAX 7 VNEEATFTIL (MMA) DO
{LEAEIT2 572, Figl IZR”T X 912, C4-RHEH C4-N LY KED
kit % /ERT 2 2 ERRD BTz, C4-S FOEL DR RIL, C4-N
FDH DL RAENRNTZD, C4-R R CTIESUSNERS A A 2 DVRL AR
WZbosTnab0EEXxHND,

[C4-N]: 2.64 x 102 mol/L
[C4-R]: 2.44 x 102 mol/L

N (% 1017)

1.85 2.76 3.70 7.40
[KPS] (x 10 moliL)

2 3 4 5
[C4-N] or [C4-R] ( x 102 mol/L)

Fig. 1 Number of particles formed in emulsion polymerization
of MMA using C4-R and C4-N.
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Fig. 2124 X 912, C4-R B THESILIZALF DT85 C4-N R DKL
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NERFIE, BRI VLREICHFEHETEDL Z ENRB I,
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Fig. 2 Zeta-potential of PMMA particles prepared
by emulsion polymerization using C4-N and C4-R
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Fig. 3 Number and zeta potential of P(St-BA)
particles prepared by different initiators
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VBRI EARGELNZ EERALMNILTNDSED, Ll =
T = VR R VB O BEMEDSTRETH o 7o, AR TIX, Ik
NIBEIFIZ 2 7 2 %208 S8 5 12 OICHKPERICBUKIEE / ~— & L
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Scheme 2. Synthesis of Block Copolymers and Micelles
Ty 7 aRl) v —oEKE Sy
DMSO/NMP(L:D)IZIEfiE L, F7= St & oA 1% DMSO (ICIAfE L.
IO OWERICKET T, WICAY =& T4 556 TI kL
EkzkitLic, 72y 27 2Rl <~—B-1,50%H41F,. IBAOMH
INAREECTH -7, ZD 2 DOR Y = —OFREITBOKER N E 7=
—EBR LI TR, A VB TOBRICHRE LI D EEX L
b, —JF. IBMA, St AN L7256, B5ICI kARG
LTz, TORERDD BUKMEHOBUKMEZM E3 5 2 L Ta T g

IZ IBMA % & DA%

FEL, a7z VI ARBRINRT W RPN RoT,
Table 2 Self-assembly of block copolymers
Block Copolymers Micelles
No. X Comp. No. Isolation Yioeld Diameter
kil:m:n (%) (um)

B-1 IBMA 36:36 : 236:26 M-1 (@] 37 18
B-2 IBMA 40:74 : 92:9 M-2 (@] 77 19
B-3 IBMA 46:183:139:1 M-3 (@] 71 14
B-4 IBMA 26:99:92:0 M-4 (e} 74 27
B-5 St 26:44 : 183:9 M-5 x

B-6 St 11:104 : 86:0 M-6 (@] 14

a) Diameter was measured by dynamic light scattering(DLS)

vz aRl)v— B3 A, RO GETHRLZ I v
M-3 Z[EL L, BEEGER L & ZAMARREEI GO, ZhE
T X ) — VISR EE T - B (SEM) L5 & 1T - 72 (Fig.
4), 2O SEM FEM L, ENWARHIRO I BANERENTZZ &
MWoyhrote, KESITHAMITE D03, EERIRITH 400 nm ThH -
oo ZRHOHENSL, 78y 7 3k ) ~—OBUKMEEH SOy /e
SFHRFCEVEHME T I BARDRABLIGEOND Z AL
Mmeieoiz,

b T W L 1 1
3.0k 9 2mm x /3 5.00um

Figure 4. SEM image of M-3.
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Development of Methods for Detection and Remove of Toxic Metal Ions
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Higher Order Structures and Function Formed by Polypeptide Folding and Integration
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Looking Back on My Career in Research: My Know-How to Keep Myself Active in Research
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HEEE  EROREEHROSEVITEELT, BRE~OAN
AR E G-V AT T INABEMEIE LT Y —ra v Ry y
MIFEEDBEE>TWD. BARDHRZ L FTECK T HIGF I
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IVE TORGETIT > T 12 BE SR, SR, Baetke i
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{# & : Trianionic Pincer Ligands and their Role in Metal
Catalyzed Cyclic Polymer Synthesis

ihf ;. Prof. Adam S. Veige (Department of Chemistry,
University of Florida)

HIEF: 2017412 A 7H (R) 16:30 ~ 18:00

ST AR BRI v /3R 28 SiE 310 B

I ZEE : Cyclic polymers do not contain end groups, and as
a result they demonstrate a number of unique physical
properties. For example, the density, refractive index, Ty,
viscoelasticity, reptation, and surface properties of cyclic
polymers all differ from those of their more common linear
analogs. Over the past fifty years a handful of catalysts have
been discovered that can create cyclic polymers. In this
seminar, three new catalysts will be presented that are
capable of creating cyclic polymers. The catalysts are derived
from using trianionic pincer ligands and tungsten(VI).
Aspects of catalyst design and two distinct mechanisms of
polymerization will be discussed. Dynamic and static light
scattering techniques provide <Rg2> and RH ratios of cyclic
vs. linear samples that clearly indicate a difference in
topology. Complementing the light scattering data, intrinsic
viscosities ([7]) measured over a widerange of molecular
weights clearly demonstrate the topological relationship
between authentic linear and cyclic samples.
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SEEIE IR V. B2 Poly (N-isopropylacrylamide)
(PNIPA) 7 /VE, A~— b7 & L TR F b, kA 722i
PREINTNDD, AT 5 E TIEE > TV,
KRS TIE, PNIPA 7 i 2 i o BaRME S v & LT
Poly[oligo (ethylene glycol) mono (m) ethyl ether
(meth)acrylate] (POEGOA) JEHZ/WIZHEH Lz, Z D7 IV,
FREEAKFCHHMKERBRICEIZE L, L REIRMEZ R
T, Fo, K, T AHRTIEL, ENEI TR AR E
(LCST) . PR SEATRIRE (UCST) & 72 2 BaR M4 "3 72
EL ZIVE TORIRME T WA R WERTZ R E A B H M Lz,
I BT, ZOREETHRITHIA LT FERAKPEDTEIE (R F > ¥)
DOHKRS AT 2 EE LTz, 2 b0 LITHOWTHFR L
77

EH 2 X T LBRIER

B ¥ v ) TR O D OFHS (Fl A7 LRI
B L)
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SR - BRI RO R 7 Eil B O E NS O HIFE R
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EHTIE, WEOMERIZRI DB EZED Ko 21k, Hh
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FT. 2T, BEREA T 4 AEVEORFNCESX, Bl
B W TSN A WA = LI L AB R F— - BriEA
far IR e ks & OV 7] _Eh S-SV TR L 7.

FilJe & B R

B FHIZ Lo & BT VS — gt - FEE - A —
AT RL R (ZEERIFRRR B HUR)

HIF :20184F 5 H 14 B (H) 17:10~18:50

ST - ARNIRT BRI v %R 16 FHE (BLA RAR—L)
HEEE - A& OETERIEEIOSIE, BWIE) Tl {kix n %
HIZKoTHY o TS, KR T, REFETYA ) —
& LTH—#RCINHE L C & 5lR ORRERIZIR © 7o SR OEM
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x—3 (BAf: B5R)
WRESL TEM SEM  HRX#E HEXHE  XPS IcP BHEEX#® ZYGO - XRE —
I 2R 0 136 1425 0 36 0 0 75.5 9 3
mRBEE 3
MR = 89 37 36
FEMRE 45 105.5 9
PERARE 2 75.7
EREFREHRIFEH 0 164.5 167 0 9 0 0 76.5 0 9.5
HHHRE 9
FPILERRE 0.5
WMAMRE 160.5 167 76.5 9
WOmE=E 4
MBEERILER 263 704.5 161.4 748 577.5 560 704 735 352.5 99.5
HINHRE 1.5 472 268 45
MIRBFRE 26 110 4 725
LTHEMRE 2 183.5 199 8
& AR E 1
INGHRE
EHRE 149 148 120 110 16 2 2
INHBIRE
B|thEFZe = 14 28.5 32 704 75
WAMREE 32 145 1494 622 212 32 57 85.5
AIBHARE 68 156.5 2 24 255
HERRE 12 44
EEH=E 0 5.5 425 0 0 0 0 0 0 0
ERMRE 1.5
BILMRE 4 425
=fAzieTaSHk
A FT e 263 1011 1966 748 622.5 560 704 2255 361.5 112
Wi T 5 (%) 0.0 135 7.2 0.0 5.8 0.0 0.0 335 2.5 2.7
BREFERIFR (%) 0.0 16.3 8.5 0.0 1.4 0.0 0.0 339 0.0 8.5
MEEmIEEE (%) 100.0 69.7 82.1 100.0 92.8 100.0 100.0 326 975 88.8
EZHE (%) 0.0 0.5 22 0.0 0.0 0.0 0.0 0.0 0.0 0.0
=151k (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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