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Walking Pattern and Compensatory Body Motion

of Biped Humanoid Robot

Hun-ok Lim*

Abstract

This paper presents a walking pattern generation
method for biped walking. There are three walking
phases such as a double support, a swing and a contact
phase. In the swing phase, a leg motion pattern is pro-
duced by using a siz order polynomial, while a leg mo-
tion pattern is generated by using a quintic polynomial
in the contact and double support phase. When a biped
humanoid robot dynamically walks on the ground, mo-
ments are produced by the motion of the lower-limbs.
So, a moment compensation method is also discussed
in this paper. Based on the motion of the lower-limbs
and ZMP (Zero Moment Point), the motion of the
trunk and the waist is calculated to cancel the mo-
ments. Through simulation, the effectiveness of the
moment compensation methods is verified.

1. Introduction

Biped or multi-legged robots will be more useful
than caterpillar robots for moving over uneven terrain
or through narrow spaces. Especially, biped humanoid
robots will be able to adapt well to a human living and
working environments, and give affinity to a human
because they have the same shape as a human. So, I
have studied biped-walking motion with the aims to
apply the biped robots to industrial and non-industrial
areas. One thrust has been toward realizing complete
dynamic walking on not only even or uneven terrain
but also hard or soft terrain. The other thrust has
been toward exploring robot-environment interaction
and robot application.

Recently, many biped-walking robots have been
developed. Humanoid Robotics Institute of Wasea
University has developed a human-like biped robot,
WABIAN since 1996 [1]. It consists of a total of 35
DOF; two 3-DOF legs, two 10-DOF arms, a 2-DOF
neck, two 2-DOF eyes and a torso with a 3-DOF waist
(see Figure 1). Its height is 1.66 m and its weight is

* Associate Professor, Department of Mechanical Engineering

107.4 kg. ASIMO developed by Honda Motor Corpo-
ration in 2000, which has 28 DOF such as 6 DOF in
each leg, 5 DOF in each arm, 1 DOF in each hand
and 2 DOF in the head [2]. Its height is 1.2 m and
its weight is 52 kg (see Figure 2). Ministry of Econ-
omy, Trade and Industry of Japan lunched 5-year Hu-
manoid Robotics Project (from 1998 to 2002) and de-
veloped HRP-2P that can lie down and get up on a
floor in 2003 [3, 4]. It consists of 30 DOF such as 6
DOF in each leg, 6 DOF in each arm, 1 DOF in each
hand, 2 DOF in the neck and 2 DOF in the waist.
Its height is 1.58 m and its weight is 58 kg (see Fig-
ure 3). Sony developed a small size humanoid robot,
SDR-4X II [5]. It height is 0.58 m and its weight is 7
kg. It consists of 38 DOF such as 6 DOF in each leg,
5 DOF in each arm, 5 DOF in each hand, 4 DOF in
the head and 2 DOF in the waist (see Figure 4). A
compact size humanoid robot, MK-5, was developed
by Aoyama Gakuin University [6]. It has 24 DOF
such as 6 DOF in each leg, 5 DOF in each arm and 2
DOF in the head. Its weight is 1.9 kg and its height
is 3.56 m. H7 was developed by University of Tokyo
in 2001 [7]. Its weight is 55 kg and its height is 1.47
m. It has 30 DOF such as 6 DOF in each leg, 6 DOF
in each arm, 1 DOF in each hand, 1 DOF in each
foot and 2 DOF in the head. However, biped robots
with serial links have many problems such as rigidity
and energy consumption problem and position errors.
Thus, Humanoid Robotics Institute of Waseda Uni-
versity has developed biped-walking robots having a
parallel mechanism, WL-16, in 2002 [8]. The robots
consist of twelve 1-DOF active linear actuators, six
2-DOF and 3-DOF passive joints.

Other researchers have studied the analysis, de-
sign and control of biped robots. Vukobratovic and
his co-workers modeled the walking biped robot that
was balanced by manipulating the projected center
of gravity and the support area provided by the feet
[9]. A sequence control method and a program control
method were presented for continuous dynamic biped
walking [10, 11]. A hierarchical control strategy was
proposed to realize dynamic walking [12]. A virtual
model control method was developed to control a pla-
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Figure 3: Photo of HRP-2P.

Figure 4: Photo of SDR-4X II.

nar biped robot [13]. A control method to deal with
sloped terrain was studied [14]. A linear inverted pen-
dulum mode that is based on massless leg model was
discussed to control a biped walking robot [15].

The adaptability of terrain can be regarded as one
of the crucial abilities for biped walking robots to deal
with rough terrain. In the case of a biped humanoid
robot that consists of only lower-limbs, the lower-limbs
have to perform two functions at the same time. One
is a path control of the lower-limbs according to the
surface of terrain. The other is a balance control not to
fall down. In order to achieve the dynamic biped walk-
ing, the function for the stability should take priority
over the function for the path control of the lower-
limbs. Therefore, the terrain adaptability of this kind
of biped robot is severely limited. If the biped robot
has a trunk, the functions can be separated. Its trunk
carries out the function for stability, while its lower-
limbs work out the function for the path control.

In this paper, a pattern generation for biped loco-
motion is described. In a swing phase, a leg motion
pattern is produced by using a six order polynomial,
while a leg motion pattern is generated by using a
quintic polynomial in a contact and double support
phase. Also, a moment compensation method capable
of canceling moments generated by the leg motion is
discussed. In this moment compensation method, the
motion of the trunk and the waist is employed.

This paper is organized as follows. Section 2 de-
scribes how to obtain a walking pattern of the lower-
limbs. Section 3 illustrates a moment compensation
method. Section 4 describes simulation of compen-
satory motion of the trunk. Finally, conclusion is dis-
cussed in Section 5.
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2. Pattern Generation

In order to set a walking pattern of the lower-limbs
of a biped humanoid robot, three walking phases are
considered, which consists of a double support, a swing
and a contact phase. During the swing phase, one foot
is not constrained from the ground while the other foot
is on the ground. As soon as the heel of the swing leg
reaches the ground, the swing phase is changed to the
contact phase. If both toe and heel of the swing leg
contact on the ground, the phase becomes the double
support phase. Figure. 5 shows three walking phases.
In the contact and double support phase, a foot mo-
tion pattern on even or uneven terrain is made by
using a quintic polynomial considering angle, angular
velocity, angular acceleration. In the swing phase, a
foot motion pattern x is generated by using the sixth
order polynomial considering angle, angular velocity,
angular acceleration, angle at a half point of the swing
phase.

In making a smooth motion of the foot in the swing
phase, at least seven constraints on x are evident.
Three constraints on the function’s value come from
the selection of initial, intermediate and final values:

z(ty) = xy. (1)

An additional four constrains are the zero initial
and final velocity and acceleration:

z(to) = To, T(tm) = Tm,

fb(to) =0, $(tf) =0, ';i:(t(]) =0, :i(tf) =0. (2)

These seven constrains can be satisfied by a poly-
nomial of at least sixth degree. Since the sixth order
polynomial has seven coefficients, it can be made to
satisfy the seven constraints given by Equation (1) and
(2). These constraints uniquely specify the following
equation:

x(t) = ap + a1t + ast® + azt® + ast* + ast® + ast®. (3)

Also, the velocity and acceleration along this tra-
jectory are as follows:

a1 + 2ast + 3ast® + 4a,t® + Sastt + 6agt’,
2as + 6ast + 12a4t* + 20ast* + 30aat*. (4)

@(t) =
i(t) =

Combining Equation (3) and (4) with the seven
constraints, the seven coefficients can be obtained.
Then, substituting these coefficients for Equation (3),
the foot pattern will be obtained. Also, a waist pat-
tern will be produced by a quintic polynomial, con-
sidering the movable range of the legs. Considering
the foot and the waist pattern and DOF of the leg, a
preset complete walking pattern of the leg can be set
by using inverse kinematics.

Double support

, phase Swing phase J,Contact phasg

YA

Figure 5: Three walking phases.

3. Moment Compensation

In this study, ZMP (Zero Moment Point) is em-
ployed as a stability criterion, which can indicate the
gait balance during dynamic walking and provide a
quantitative measure for reaction forces on the sup-
porting foot. ZMP is a certain point around which
the sum of all moments is equal to zero. For a biped
humanoid robot to walk stably, the gravity and the
inertial force of the robot must act to the direction
of the ground, and the resultant force must act on a
point in support polygon formed by the support foot.

Consider a 43 DOF biped humanoid model with ro-
tational joints. The biped humanoid robot consists of
two 6 DOF legs, two 7 DOF arms, two 3 DOF hands,
a 4 DOF neck, two 2 DOF eyes and a torso with a
3 DOF waist. In modeling the humanoid robot, five
assumptions are defined as follows: (a) the humanoid
robot consists of a set of particles, (b) the foothold
of the humanoid robot is rigid and not moved by any
force and moment, (c) the contact region between the
foot and the ground surface is a set of contact points,
(d) the coefficients of friction for rotation around the
X-, Y- and Z-axes are nearly zero at the contact point
between the foot and the ground, and (e) the foot
of the humanoid robot does not slide on the contact
surface. To define mathematical quantities, a world
coordinate frame F is fixed on the ground where a
biped humanoid robot can walk and a moving coordi-
nate frame F is attached on the center of the waist to
consider the relative motion of each particle as shown
in Figure 6.

The moment balance around a contact point p rela-
tive to the world coordinate frame F can be obtained
as:

Zmz(rl — 'rp) X (’I‘Z + G) +T
_Z((rj—rp) x Fj+ M;) =0, (5)

where 7, is the position vector of point p from the
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Pitchy

Figure 6: Coordinate frames

origin of F. m; is the mass of particle i. r; and #;
denote the position and acceleration vectors of parti-
cle i with respect to the world coordinate frame F,
respectively. G is the gravitational acceleration vec-
tor. T is the moment vector acting on the contact
point p. r; denotes the position vector of particle j
with respect to the world coordinate frame F. F; and
M ; denote the force and the moment vectors acting
on particle j relative to the frame F, respectively. Let
us consider ZMP on the point p. The moment T will
be a zero vector by the ZMP concept. Equation (5)
can be rewritten with respect to the moving frame F
as follows:

n
D mi(Fi = Famp) % (Fi + 7 + G
=1

+O X T +20 X 7 + @ x (@ X 7))

—Z((Fj—Fzmp) x Fj+ M;) =0, (6)

where 7., is the position vector of ZMP with respect
to the moving frame F. 7, is the position vector of
the origin of the moving frame F from the origin of
the world coordinate frame F. @ and @ denote the
angular velocity and acceleration vectors, respectively.

If the link of the biped humanoid robot is connected
by rotational joints, the motion of the pitch, roll and
yaw trunk is interferential each other and has the same
virtual motion. Because Equation (6) is a non-linear
differential equation, it is difficult to derive analyt-
ically the waist and trunk motion. So, we assume
that: (1) the external forces are not considered in the
approximate model, (2) the upper body is modeled

as a four-mass model as shown in Figure 7, (3) the
moving frame does not rotate, and (d) the trunk and
waist does not move vertically. Considering four-mass
model of the upper body, Equation (6) can be rewrit-
ten as:

MeFe X (Fs +@ X Ty +20 X Ty + @

X(@ X 73)) + my(Fy — Fomp) X (7

+iy+ G+ X T+ 20 X Ty + @

X (@ X T1)) + M (Foo = Famp) X (Fu

+ig+ G+ @ X Ty + 20 X 7y
+@ X (@ X Ty)) = —M, (7)
where M = [M, M, MZ]T is the moment generated
by the motion of lower-limbs. ms denotes the mass
of both shoulders including the mass of the arms. m;
is the mass of the torso including the head, shoulders
and arms, and m,, is the mass of the waist. ¥; and 7,,
are the position vectors of the neck and the waist with
respect to J, respectively. 7 is the shoulder position

vector with respect to the neck frame.

In case that the moments are not generated by the
fictitious forces, the moment M can be divided as

three moment components such as pitch, roll and yaw
moments as follows:

M (Zels — ToZs) + Mi(Zt — Zamp) (Tt + E4 + g2)
(T — Tomp) (2 + 24 + 92) + Muw(Zw
~Zomp) (Fw + Eg + g2) — M (T

_jzmp)(:z;w + 72, + 92) = _My(t)a (8)

M (JsZs = Zsls) + mi(Fe — Gomp)(Ze + 24 + g2)
~m(Z = Zzmp) (e + g + Gy) + M (Ju
—Yzmp) (Zw + Z¢ + 92) — M (Zw

—Zzmp) (Yo + Ja + 9y) = —Ma(t),  (9)

. - N L2 2.
Ms(Tsys — JsTs + 2(TsTs + YsYs )@= + (T + ¥5)-)
+mt(jt - jzmp)(i'jt + jjq + gy) - mt(gt - gzmp) it
+ig + ga) + Moo (T = Tamp) (Yo + Gig + 99)
=My (Joo = Jemp) (T + Eq + g2) = —M-(2). (10)
Equation (8), (9) and (10) have the same vertical
variables, Z,, and Z;. Also, the lower-limbs and the
upper body of the humanoid robot are connected with
rotational joints. So, these equations are interferential
and non-linear. We assume that neither the waist nor

the trunk particles move vertically, and the trunk arm
rotates on the horizontal plane only as follows:

z2t =0, 2y, =0, 2, =0, Z; — Zomp = const.,

Zw — Zzmp = const.  (11)
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Shoulder,

Arm

Approximation
of upper body
(4-particle model)

ms/2

=

(M =M+ M)

Figure 7: Approximate model of the upper body.

We put the terms relating to the motion of the
upper-body on the left-hand side as unknown vari-
ables, and the terms relating to the moments gener-
ated by the lower-limbs particles on the right-hand
side as known parameters. Equation (8), (9) and (10)
can be decoupled and linearized as follows:

my (Zt - Ezmp)(it + -Tq) — My g- (jt - jzmp)
1My (2o — zzmp)(iw + i'q) — Mwg: (Tw — vfzmp)
= —M,(t), (12)

+mig- (gt - gzmp) - mt(zt - szp) (gt + gq)
Mgz (Yo = Yzmp) = M (Zw = Zzmp) Yo + Tq)
= —M.(t), (13)

myl? (B + @2) + M (Br — Tomp) (§; + i)
—m(Yt = Yomp) (Tt + ) + M (T — T2mp) (Y
+iig) = Mo (o = Jormp) (T + &)

=-M.(t), (14)

where 6, is the vertical angle of the trunk. [ is the
length between the neck and the shoulder. If all known
variables of Equation (12), (13) and (14) move to the

right-hand side respectively, these equations can be
written as follows:

mg (zt - szp):._ét - mtgzjt + mw(zw - zzmp)-:iw

MGz Ty = My(t)a (15)

—my (zt - zzmp)fljt + mtgzgt - mw(zw - szp)zjw

+mwgzgw = Mw(t)a (16)
ml26, = M.(t), (17)

. N . AT
where moment M = [Mm M, MZ] consist of only
known variables as follows:

My(t) = _My - (mt(it - EZmP)ilq + mtgz:izmp
+My (Zw — Zamp)Eq + MwG:Tmp), (18)
Mw(t) =-M, - (_mt(zt - zzmp)gjq — MtG:Yzmp

7mw(2w — szp)l.jq - mwgzgzmp)v (19)

(= Yamp) (Fw + £g)). (20)

To calculate four compensatory motions, Z;, ¥z, T
and §,, the moment components of Equation (15),
(16) and (17) can be distributed to the waist and the
trunk as:

mt(gt - zzmp)i‘t - mtgzjjt = MyTRUNK; (21)

mw(zw - zzmp)-%w —MyG:Tw = AyWAISTv (22)

(2 — Zomp) Yy + Mt G:-Yt = M,rronk, (23)

_mw(zw - zzmp)jjw + Mwg:Yw = y aWAIST, (24)

MyTRUNK + MyWAIST = My(t)a (25)
M,rrUNK + Mow arst = M,(t). (26)

Mayrrunk, Myrrunk, Mawarsr and Myw arsr
become the known functions because they are calcu-
lated by the motion of the lower-limbs and the time
trajectory of ZMP. In steady walking, they are peri-
odic functions because each particle of the biped hu-
manoid robot and ZMP move periodically with respect
to the moving frame F. Also, the components on the
left-hand side of Equation (25) and (26) are periodic
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functions. So, the motion of the trunk and the waist
can be easily computed by using Fourier transforms.
Comparing the Fourier coefficients of both sides of
each equation, Fourier coefficients are obtained. More-
over, the approximate periodic solutions of the pitch
and roll trunk and the waist, z;, ¥, ., and ¥, are
obtained by inverse Fourier transforms. The vertical
motion of the trunk, 6, is also obtained, comparing
the Fourier coefficients of both sides of Equation (17).

In order to obtain the strict solutions of the trunk
and the waist motion, a recursive method is used.
First, the approximate periodic solutions of the lin-
earized equation (17), (25) and (26) are calculated.
Second, the approximate periodic solutions are substi-
tuted into the moment equation (6) of the strict biped
model, and the errors of moments, generated by the
trunk and the waist motion are calculated according to
the planned ZMP. These errors are accumulated to the
right-hand side of Equation (17), (25) and (26). The
approximate solutions are computed again. Finally,
these computations are repeated until the errors fall
below a certain tolerance level.

4. Simulation of the Trunk Motion

The convergence of solutions of the trunk and the
waist motion is numerically verified. Walking simula-
tion is conducted using the recursive method. Then,
the length of the trunk and the walking speed are con-
sidered as parameters. The errors of ZMP are dropped
below 1.0 mm after 10 iteration times as shown in Fig-
ure 8 and Figure 9. So, the method is useful for the
calculation of compensatory motion.

Consider the motion of the trunk capable of can-
celing moments generated by the motion of the head,
the shoulders, the legs and the arms, when the waist is
immovable. The moment components of the pitch and
roll trunk of Equation (25) and (26) can be written as
follows:

(2t = Zomp) T — =70 = —A(t), (27)
(Zt = Zamp)Yy + 9-Uc = B(t), (28)
where
Alt) = My(t) + mw(Zw = Zemp)Tw — mwgzzw’ (29)
my
B(t) = Mw (t) — My (Zw _njzmp)yw —MwG2Yw (30)
t

Consider only the motion of the pitch trunk to in-
vestigate how the trunk moves during dynamic walk-
ing. The transfer function, y;(w), of Equation (28) in

500 (+) trunk length 0.6 [m]
[-] trunk length 0.5[m]

—_ 100H- A\ trunk length 0.4 [m]

S — Y axis

)

=

% 10} U/Q"

=¥

=

Nt

0.1 ]
2 4 <] 8 1o

Iteration times

Figure 8: ZMP errors to three different parameters.

100

ZMP error [mm]

3
]

1

) walking time 5.2 [s/step]
- walking time 2.6 [s/step]
walking time 1.3 s/step]

Figure 9

Iteration times

: ZMP errors to three different parameters.
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the frequency domain can be expressed as:

B(w) = —2—g = (— L
w) = =
v w2+p2q p—jw p+jw

[ 9 1 9-
f —_— = —_—— e - 32
P Zt - ézmp’ 1 292 zt - ézmp ( )

According to the ZMP concept, Z.m,p in Equa-
tion (32) is zero. Equation (31) is generally known
as Lorentz function, and its primitive function is writ-
ten as:

Jo, (31

ge(t) = qe 1. (33)

We can imagine from (33) that the casual law may
not be applied anymore. If the walking speed of the
biped robot is increased, it goes without saying that
7:(t) affects stability more badly. The trunk, there-
fore, should be in motion earlier than the shift of ZMP
to cancel the produced moments.

5. Conclusion

For a biped humanoid robot to stably walk on the
ground, its locomotion and stability should be consid-
ered at the same time. How to make a walking pat-
tern for locomotion was proposed in this paper. Also,
a compensation method was discussed, which can can-
cel moments generated by the motion of the head, the
shoulders, the arms and the legs. Using Fourier trans-
forms and a recursive method, the motion of the trunk
and the waist is computed. This method is applica-
ble to not only the steady walk but also the complete
walk including transient walk. Through trunk motion
simulations based on the walking pattern generated,
the effectiveness of the proposed moment compensa-
tion method was verified.
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Aluminum(III) Compounds via the Direct Reactions of
the Mineral Boehmite ([AIO(OH)].) with Ligands
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1. Introduction

Boehmite is a naturally occurring mineral
with the structure consists of double chains of
edge-shared AlO, octahedra, in which the Al atom
is surrounded by five oxide and one hydroxide
anions”. (Scheme. 1)

IR
W N l
(\§§§§|’!{§\ NS

S

Scheme 1. Schematic representation of the layer structure of a
mineral boehmite (top) and a picture of the commercial
boehmite powder (bottom).

These chains share a further two edges to form
puckered sheets (Figure 1). These sheets are bound
to each other through

OH OH CH

. | WOy, l Oy, l -

Al
P I\O( I\O/ I -
O, | wOu, | O,
. Al "Al'\ )
~O/ , \O( , o
OH OH

Figure 1. Structure of a part of boehmite showing an array of
edge-shared AlO;4 octahedra in a sheet of [AIO(OH)],.

hydrogen bonds forming a particle of several tens
of micrometer in size. Boehmite is hydrophobic
and its reactions include, for example, dehydration
to form y -alumina, and the surface derivatization
addition to these
reactions, boehmite can be regarded as a rich

with carboxylic acids.” In
source of the aluminum atoms in the form of a
cluster of six-coordinate oxides poised to be
employed 1in the synthesis of six-coordinate
aluminum compounds. We were intrigued if the
water dispersed boehmite would react with organic
reagents to yield water insoluble metal chelates in
situ. In this study, we employed acetylacetone
(Hacac)

ligands. Hacac is slightly water soluble and exists

and 8-hydroxyquinoline (8-Hq) as the

in the keto and enol forms. If Hacac is able to
extract the metal in boehmite, the reaction would
provide Al(acac);. Typically, Al(acac); is prepared
in the reaction of Hacac with Aln(SOq)s017 HoO or
AI(NO: )s 09H, O in water in the presence of
ammonia.” AICl, is employed when the reaction
was accomplished in chloroform.” Al(acac), has
been widely used as catalyst in, for example, olefin
epoxy
polymerization.” Recently, Al(acac); is used for the

polymerization,” curing, and silane
preparation of superhydrophobic surface.” On the
other hand, 8-hydroxyquinoline (8-Hq) has been
which

precipitates many metals. For instance, 8-Hq readily

known as achelate forming reagent,
forms a precipitate of tris(8-hydroxyquinolinato)
aluminum(IIl) (Algo) with the Al”" ion." Given
these conditions, we were intrigued by conducting
the direct reaction between boehmite and 8-Hq that
was anticipated to give Algs in a single step under
environmentally friendly conditions. Since the first
application as the emission layer in the organic
light emitting diodes (OLEDs) by Tang and Van
Slyke, Alqgn continues to attract attention and
remains as one of the most widely studied Al
coordination compounds.” Generally Alg, is
prepared in the reaction between the Al”" ion
source, such as Al (NOs)s and Als (SOg)s , and 8-
Hq in water.” A few solid state synthesis methods
has been investigated, such as the reaction of

aluminium isopropoxide with 8-Hq in an oven,"
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and intercalation of 8-Hq in the interlayers of Al-

5

1tes. wever, 1
smectites.” However, these procedures are either

accompanied by the environmentally harmful
byproducts or unfit for quantitative formation of
chemically pure Alg,. Meanwhile, boehmite has
been chemically functionalized by carboxylic acids™
to prepare the inorganic-organic hybrid materials.”
Despite interesting property of the resulting
carboxylatoalumoxanes, the coordination mode of
the carboxylate group to boehmite are not fully
understood. Our research may contribute to
understand the new aspects of the coordination

chemistry of boehmite.

Al(acac); Algz

2. Reaction of beohmite with acetylacetone

2.1 Experiments Acetone (Wako Chemical) was
distilled prior to use. Boehmite (Wako Chemical)
and Hacac (Tokyo Kasei) were used as received.
Mass spectra analysis was obtained on a Hitachi
M-2000 mass
beam energy of 70eV for EI mass spectra.

spectrometer with an electron
TG/DTA analyses were obtained on a Rigaku G
8120 instrument using air as a carrier gas. An
XRD sample is prepared by mounting grounded
powders on glass slides prior to analysis. Data
were collected on a Rigaku Multiflex
diffractometer.

A dried powder of boehmite (1.00 g, 16.7 mmol)
was added by four equiv of Hacac (6.67g, 66.7
mmol). Here we added an excess amount of Hacac
from the following reason. Although the molar
number of boehmite was determined using AlO
(OH) (= 60 gOmol"") as a unit, since the commercial

boehmite is hydrated by unidentified number of

water (AIO(OH)O0,H,0O). In order to ensure the
complete consumption of boehmite an excess
amount of Hacac was added. Boehmite turned pale
orange vyellow upon contact with neat Hacac.
Then, the mixture was covered by 30 mLof
deionizedwater and boiled under vigorous stir.
Initial pale orange color of the reaction solution
gradually intensified as the reaction proceeds for
the next few hours until no visible change was
recognized. In order to ensure the completion of
the reaction, the solution mixture was left to reflux
overnight and the reaction was discontinued after
12 hours. The contents were filtered using a glass
filter and the products were rinsed with 5 mL of
cold water for three times prior to dry under
vacuum. The products had crystalline glare with
granular appearance (<l mm in diameter), which
was obviously different from a fine powder of
boehmite. These crude crystals were dissolved and
recrystallized from hot acetone prior to analyses.
Its mass spectroscopic and TG/DTA data agrees
well with those of Al(acac);.® The reaction
yield was 69.5% (3.75g) based on boehmite. A
photographic image of the recrystallized product
(Al(acac)s) is shown in Figure 2.

Figure 2. Photographic image of the recrystallized Al(acac)s.
'HNMR of CDCl: solution exhibits two singlets at & =1.99
(6H, s, C(O)CH.), and 5.48 (1H, s, C(O)CHC(O)) that are
consistent with the chelating acetylacetonato ligands.
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2.2 Results and Discussion The XRD
spectrum of the resulting solid was compared
with that of boehmite (Figure3). A characteristic
sharp diffraction pattern was indicative of the
product to consist of only crystalline components.
The XRD pattern of the product was compared
with that of a commercially available Al(acac)s
(Figure 4).
identical and confirmed our conclusion. It 1is

Two XRD patterns are essentially

noteworthy that when the reaction was conducted
for 24 hours,the pale yellow crystalline grain grew
larger in size ranging from 2 to 4 mm.
Mechanistically, we propose that the enol form
of Hacac protonates the hydroxy group on the Al
coordinates

atom and consequently the acac-

concurrent with the water dissociation (Scheme 2).

(@)

: (b)

Counts (arb. units)

T

B um/‘wu [LINCTIVINY YRS

20 40 60 80
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Figure 3. XRD patterns (CuKa radiation, A =1.54056) of
boehmite (a) and the reaction product (b), showing the
crystalline component.

Because the spontaneous development of the pale
orange yellow color indicates the presence of the
chelating ligand, the first chelation is considered to
happen instantaneously subsequent to the cleavage
of the oxo-ligands. Then the second Hacac will
protonate the oxo-ligand to a new hydroxy group
and, by this point, essentially the alumoxane
framework should decompose. The third Hacac will

(a)

\
£

| \J\JLULM | WM'MWMM

(b)

Counts (arb. units)

|
Lol B

10 20 30
20 (degree)

Figure 4. XRD patterns if a standard sample of Al(acac); (a)
and the product (b).

substitute the hydroxy group similarly to the first
Hacac substitution.

Carboxylic acids also react with boehmite to
yield carboxylatoalumoxanes.” Spectroscopic studies
indicate that the carboxylate group binds to the
adjacent two Al atoms in the bridging mode. In
addition, crystallographic evidence of the bridging
coordination 1is obtained in the model reaction
between the single isomer of alumoxane, [(‘Bu)Al
(u 5-0)s], and benzoic acid, although the Al atoms
in the resulting complex, [Al;('‘Bu)s(ps-O)o(ps-OH)o
(M -OH)o (p -Og CPh)s ], were five-coordinate unlike
boehmite.” In carboxlatoalumoxane, unlike the
outcome of Hacac substitution, the alumoxane
framework is preserved in the product.” This sharp
contrast in the reactivities of boehmite must be
attributed to the geometric difference between the
two ligands. For the carboxylate group, in order to
avoid the large ring strain, it prefers the bridging
mode, while Hacac can readily form a six-
membered ring. Thus, as long as the substitution
replaces only the surface hydroxy groups, the
alumoxane framework remains intact. On the other
hand, the oxo-lignad cleavage must be induced only
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when the chelate is formed on the Al atom as we
to those
preparing

proposed above. In order study

phenomena, we are currently
computational works of the electronic structure of
the ligands and boehmite.

It

reactants ratio was increased by ten fold, exceeding

is worth noting that when the water to
amount of water retarded the reaction severely. We
are currently investigating this phenomenon in
association with the reaction mechanism.

3 Reaction of boehmite with 8-hydroxyquinoline

3.1 Experiments A dried boehmite powder
(0.10 g, 1.7 mmol) was added by four equiv of 8-Hq
097 g,
covered by 30 mL of deionized water and this

6.7 mmol). The reaction mixtrure was
pale yellow suspension was boiled under vigorous
stir. In the next few hours, the colour intensified
gradually to greenish yellow and the reaction was
discontinued after 24 h. The contents were filtered
using a glass flit and the filtrates were rinsed
with 5 mL of cold acetone for three times prior to
dry under vacuum.The resulting greenish yellow
solid 1, which readily dissolves in chloroform to
provide yellow solution, was subject to analysis
without further purification. The aromatic region
of 1 HNMR spectrum of complex 1 coinsides with
that of a standard sample of Alqy (Figure 5).

iUL l J Ru \h)
10 9 8 7 6

Figure 5. Aromatic regions of a 1 HNMR spectrum of 1. NMR
spectrum is observed in CDCl;. Chemical shifts are reported
with respect to TMS.

Electron ionization (EI) mass spectrum data of
1 shows a molecular ion peak at m/z value of 459
and a fragment peak at 315, corresponding to the
Alqs  with (Algs * -Cs Hs NO),
respectively. The reaction yield was 96.4 % (0.739 g,

acquired H and
1.61 mmol) based on boehmite."
3.2 Results and discussion In order to study

of the
reacted with one and two equiv each of 8-Hg to

stoichiometry reaction, boehmite was

obtain Alq, as the principal product with the
production yields of 30 % and 58 %, respectively,

based on boehmite. Therefore, it was postulated

(0]
© . o o} o 0
R v
N 0L H0 A ~ A .
A A7 Yo A7 Yo
s ' O~ 1 1
/Hacac
0o Hacac
D O O
-H,0 /

Scheme 2
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that 8-Hq precipitates the Al”°" ion quantitatively
from boehmite. Overall reaction can be written as
shown in eqn. (1).

AlO(OH)+3CyHoNOH - AI(C:HoNO)s+2H: O (1)

Fluorescence spectrum of 1 was also observed
as a chloroform solution. When the solution was
broad
characteristic to Algs was recorded (Figure 6).

excited at 450 nm, a fluorescence,

o0y

2

Fluorescence spectrum of 1 T

Intensity (arb. unit)

phe e

o JS\IV T 56117'7
Wavelength (nm)
Figure 6. Fluorescence spectrum of 1 in CHCly.

Mechanistically, due to Lewis acidity of the Al
atom in boehmite, the surface hydroxy group is
considered to undergo protonation by the entering
8-Hq and lose a water molecule concomitant with

the ligand substitution (Scheme 3).” Then, perhaps
the second 8-Hq in the vicinity of the intermediate
2 protonates an oxo-ligand to generate a new
hydroxy group (3), which would eventually be
substituted by yet another 8-Hq to form Alqs.

It is worth noting that the analogous reaction
observed between carboxylic acid and boehmite is
also proposed to proceed via the substitution of
surface hydroxy goups and protonation of an oxo-
ligand.16 However, unlike 8-Hq, carboxylic acid is
suggested to coordinate mostly in bridging fashion
across two adjacent Al atoms. The carboxylic acids
substitute only the surface hydroxy groups and the
alumoxane core structure is kept intact, hence the
resulting carboxylatealumoxane maintains the
with  50-100 nm in
This is in sharp contrast with the
8-Hq which
apparently coordinates to the Al atom in boehmite

particle-like  appearance

diameter.'*

result obtained in coordination,
as a chelate ligand and completely disassembles the
until the ligand 1is consumed.
speculated that 8-Hq 1s
conveniently arranged to form the five-membered

ring (4) with the Al atom, while the carboxylate

core structure

Geometrically, 1t 1s

group is more suitable for the six-membered ring
with the oxo-bridged Al atoms (5) and the ring
strain is too large for chelate formation (6).”

N
=
OH N o
N |/o\ 8-Hq .. N
Al . — O —_— “~AI -~
A7 o Tt Hoo L ] O T N
1 :AL :: '
1 o '
8-Hg
4 8-Hq O Nx
——— QA -
-Ho0 N----Al—OH
°© s

Scheme 3
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4, Conclusion

This report described a novel use of boehmite
as a solid-state, quantitative source of the Al”
ions for the preparation of six-coordinate
aluminum compounds.

This research demonstrated an innovative use
of boehmite as a source of the Al atoms in the
synthesis of a six-coordinate mononuclear
alumoxane compound, Al(acac); and Algs in a
heterogeneous aqueous mixtures. The method
enables a large scale preparation of the Al""
coordination compounds under* green” conditions.
Syntheses using various oxygen- and nitrogen-
donor bidentate ligands (7 and 8) are in progress
as well as computational studies of the electronic

structure of the ligands and boehmite.”
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Information-Security Elements to Design Information Systems

— One-Way Function and Bit Commitment —
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Teruji SEKOZAWAD

1. [FL®HIC

goboooooooooboocoobooooooobooo
gobootbooooooooooobobooooooooo
Ooo00ooo 190000000 oo0o0oooooooon
oboboooooooboocooboboooboooooao
gobooouoooooobobooboboOooboooooo
gobooooooooooooooobooooooooboo
oooooooooobooOooooooooooobooo
gboboboooooooooboooboooobooboobo
goobooooooooobobooooboooooboo bo
obooboooooo coobooooboo ooooo
uboooobooooooobooooooocooooobooo
gooooooooooooboooobooooboo oo
00000000000000000%0 0000000
goooboo ooboooobooboooboobobbooobob o
oooboboooobOoboooboboOobooobooDo
goooooboboooooboooobobobooooon

gobooocooooooboocooobooooooobooo
goboooooooooboocooobooboooobooooonao
0000000000000 0000000000
gobooooooooobobooobbooooooooo
ooooooooooobooobbooooooooo
ooooooooOoOoooooooo@ooooo)o
goboooooooooboooooboboOooboooooo
goboooooooooboocooboOoooboooooo
ooboooooooooboocooboOoooooooo
gobooooooooobooobbooooooooo
goooooooooobooOoDbboOoooboooooo
ooooooooooooodo

*DO0000ooO
Professor, Dept, of Industrial Engineering and Management

gobooooooooooboocooboooooooo
goboooboooooooooobooooboooooo
oobooooooooooooooboooooboooooo
goboooooooooooooobobooobobooooo
gobooooooooootooooboobobooooo
gobooobooooooooOoboooooboooooo
goboooooboooobooooooooon
gobooooooboooboocoOoboOooooooo
ooboooooooooooooooooboooooo
goboooooooooooooobooboooboobooooo
goboooooooooooooobboooboooooo
gobooobooooooooooooooooooon
gobooooooooobOoOoobooooooo
bbb oooboooooboocoooooboooooooo
goooooooooo ocoooooboobooooo
gobooooobobboooobbboboooooooobo
goiooooobooooooooooooobooooo
oo oooooooooboooooobooooooo
I 0000000000000 OoOoOooOOOooDoo
gobooooboooooooboooobooobooooooon
gooooooooooboooOoboOooooooo
goboooooooooooooobooboooobobooo oo
gooooooooooooooobooobobooooo
ooooOoo®»ooo0c0oooooOoooooooo
000 (COO) obboOooooOoooOooo®oOoon
gobootboooooooboocooboooooooo
oooooooooooooooooobooooboooo
gobooooooooooooooboobooooboooooo
goooooooooooooobooobobooooo
goboooobooooooooooooooooooon
gobooooboooooobooooo
goboooooooooboocooboooooooo
gooooooooooooooooooboooooo



oooobo0o0o0o0ob0oo00oo0o00o0o0a 41

gobooouoboooooboocoooboooboooooo
goboooooooooboocooboooooooooo
goboooooooooboooobooooooooo
gobooooooooobooobbooooooooo
0000000000000 NEDO 0oOooooono
0000 D000O0O0oO0OO0OOoOooDObOOooO®ooooo
gobooboooooooboocooboboOooboooooao
goboooooooooboocooobooooboooooo
goboooooooooboooobooooooooo
gobooooooooobooobboooooooon o
ooooooooooOobooOoOoobooooboooooo
gboboooobooobooooodbooooobooo oo
gobooouooooooboocoooboOooboooooo
gobooooooooobooonoo

2. KESA4 754 DS

gobooooooooooboooobooooooobooo
goboooooooooboocoobbooooooooo
goboooooooooboooooboboOooboooooo
gbooooooooooboocoobooooooooon
ooboooooooooboooobooooooooon

gobooooooooobooooobooooooo oo
ooboooooooooboooobooooooooo
gobooooooooboocooboboooooooon
gobooouoboooooboocooboboOoooooooo
dioooooooooooooooooooboboooo
goboooooooooboocoobooooooooo
gooboootoooooboooooboooooo
oobooooooooobooooboooobooooboo
goboooooooooboocoooooooooooon
goboooooooooboooooo

gobooocooooooboooobooooooobooo
gobootboooooooboocooboooooboooooo
gobooooooooobooobbooooooooo
gooooooooooboooobobooooooooo
obooooooooboocooboboooooooon
gobooouoboooooboocooboboOoooooooo
goboogo

2.1 My RFALEDEE
0000000000000 0D0000000oooo
0000 0000000000000000000000
0000000000000 000000 0000000
000 00000000000 0000 00000 000
000000000 000000000000 00000

gbooobooooboo oboooooo ocooobooOobooaoo
goooooobooooobooboooobooooo
gobooooooooooocooboooooooo
gobooooooooooooooooooboooooo
gobooooooooooooooboobooobbooooo
gobooobooooooooooooooooooo
gbobooooooooooocooobooOoooboooooo
gobooooobooooooooooboooooboooobo
ooboooooooooooooobooooboooooo
goboooooooooooboooobooboobooooo
o0o00oo0o0ooooO0oUl2n00oooooooon
oooooooooooobooboobooooobooooo
gboboooobooooooocooobooOooboooooo
goobooooboooooooooooooboooooo
oobooooooooooooOoOoOooboooo oo
goboooooooooooooooboooboooooo
gobooooboooooboo
gobooooooooboooobbooooooo
goboooobooooooocooobooOooboooooa
goboooooboooooooooboooooobooooo
000 SIGNAL®O0 000000000000 00
gobooooooooooooooboobooooboooooo
ooboooooooooooooooboooboobooooo
oooooooooooooooobooOoooooooo
gobooooobooooooocooboooooboooooo
gobooooobooooboooooooooon
goboooooooobooocooboooooooo
goboooooooooocoboooobobooooboobooooo
goboooooooooooOoOoobOboOooDbbooooDo
gobobooboooobooooooboooooboooooon
gobooooooodoooOoOoOobboOoobooOoOoooo
ooooooooooooobooboooooboooooo
ooboooooooboooooooooon

/ Y % &
ALFR. ASA(GEE) \ [*ﬁiﬂﬂzz-r.l.\
[ SIGNAL (AR) | B 2R A ETE R4

Eﬁﬁﬁmagfﬁﬁf
EEI AN E AERK DR
ﬁ%ﬁgmyam ERBK, EEEIE)
=
KEBORGHE KEEHSEIBET

‘o%mﬁ&w%gmmﬁwﬁt @5 %85 2 7 2 T
QBT (2551 REEDH|| OHEMELEAL-HEES
\\ A)\mm#tamﬁi$ﬂm

K1 0000000000000O0O0O0



42 oooooooooo OO0 0280

2.2 WEBEOHHMET Ot BRI AKKTA
goboooooooooboooobooooooo oo
gobooooooooobobooobooooooooo
gobooooooooobooobbooooooooo
goooooooOooooboooOobboOoooooooo
ooooooooooobooooobooooobooon
oboooooooooboocooobooooooooo
goboooooooooboocoooboobooooooooo
gobooooooooooocoobooooooooo
gobooooooooobooobbooooooooo
goooooooooobooOobooooooooo
gobooooooooboocoobbooooooooo
ooao
goooocooooooboooobooooooobooo
goboooooooooboooobooooooooo
oooooooooooooooooooboboobobon
00000 (oo) bpoooopooboooooooo
gobooooboooooooooob obbiooooooo
goooooooooooboocoooboboOooboooooo
gbooooooooooooooooboooboooooo
ooboooooooooboooobooooooooo
(Dooooooooo) oopoogoooooooo
oobooooooooooboooobooooooooon
goobboooooobooobooooooboboooooo
ooo0oCocoooDUooOooOoooooUoloooooo
20000000000 oo00o0ooDoooOooooooo
gobooooooooobobooobooooooooo
gobooooooooobooobboooobooboooo
ooboooooooo
gobooocooooooboocoobooooooooo
gooboooooboooooboocOooobboOooboooooo
gobooooooooooocooobooooobooooonao
goboooooooooboocoobooooooooo
gobooooooooobooobbooooooooo
goboooooooooboooobbooooboooo oo
goboooooooooboooobooooooooon
gobooboooboooboocoooboboOooboooooo
gobooooooooobOoOoOobObocOooboooooo
goboooooooooboocoobooooooooo
000000000000000000®0
goooooooo0oooboooboooooobooboOoo
gobooooboooooboocoobobooooooooo
gobooouooooooboocoooboooboooooo
ooooo

3. LEUKER - HlEY X7 4

3.1 BHIRN—REZERy MRB(LICKZBEH
KEREEY XT A

000000 O0000OoOoO0ooDoooooooo

00000000000oO0ooOoooooooooooa

00000000O00o0oO0OOoO0oO0OoDoooooooa

000000000 O0O0O0OO0OO0O0DDoooooooo

0ooooOoK20000

iﬁ%%ﬁtﬂmfﬁék

‘J‘Cir. i L\%ﬁﬂ
INGA—A

K2 00000000000D0000000000
0o0o0o0o0ooooooo

G iU Ek ]

gobobooobooboooboocooboooooooo
gooboooooboooooooooobooooboooooo
oobooooooooooooooooooboooooo
gooooooooooboooobboobooboooobo
goboooooooooooooobobooobobooooo
gobooobooooooooOobooOoooooooo
ooooooo (oo booboooboooboooooo)
goboooooboooooooooboooobooooo
oboooooooooobocooooooboooooobooon
goboooooooooooooobobooobooooo
gooootooboooooooooobooboooboooooo
goboooboboooooooooooooonon o
goboooobooooooocooobooOooboooooo
goboooooboooooooooboooobooooo
pgooobooooooooobOobD tboooooooboo
0000000000 000000000™0

goooooooooooboooobboooooooo
ooooooooooooooobooooooooooo

3.2 HREBEKHESXFA
00000000000 0000D000000000



oooobo0o0o0o0ob0oo00oo0o00o0o0a 43

gobootboooooooboocoOoboboOooboooooo
goboooooooooboocoooboooooooooo
gooooooooooboooobboooooooonao
goboobooooooobooooboooooooo
gobooooooooobooooboOoooboooooo
gobooooooooboocoobbooooooooo
obooooboooooboboobooOoooooooo
goboooooooooboooooo
gooooooooooooooooooboooo
00000000000000000000K3000
goooooooooobooobooooooooo
goboooooooooboooobobooooooooon
goboooooooooboocoOobboOooboooooo
oobooooooooboooooooboooon
gooooooooooboooboooooooooo
OO0 (boooooo) obooooooooooooo
gobooooooooobooobboooboooooo
gobobooooooboocoobbooooooooo
gobooooboooooboboobooboooboooooo
ol ooooooooooooooboooooboboooo
ooboooooooooboocooooo
goboooooooooboooobooooooobooo
gopboooooooooo

BB
Py, GR/THHE
» oz CUTRED
L
\\ “
) ngv—g‘)zanﬁn
ES AR
Puyy =Py = RJ|"J|HSE"("/)
PW)\é, Puy
NI
fokith RS

X3 0D0O0O0O0O00O0OOoo

4. PKEEXZRYECHIRIE

gobooocooooooboocoobooooooooo
gobooouoboooooboocooboboooboooooo
goboooobooboooobooooobooOoooboooooo
goboooooooooboooobooooooooo

gobooooobooooooooOoboboOooboooooo
gooooooo
gobooooobooobocooboooooooo
goboooooooooooooobooboooobooo Do
ooboooooooooooOooooboooboooooo
oooOoooooUooOooOooOooooooooon
goobooouoobooooooocooobooOoooooooo
gobooooboooooooooobooooboooooo
ooboooooooooooooooooboooooo
000" 00000 000000000000000
gooooooooooooOoOooOboOooDbbooooo
gobooobooooooooooboodoobooOoooo
gobooooobooooooocooobooOooobooooon o
goobooooobooooooooooOooooboooooo
gobooooboocooobobooo
gobooooooooooboooboooooooo
ooboooooooooooOoooboooboooooo
oooooooooooobobooboooooboooooo
goboboooooboooooooooooobooboobbooo
oooooboooboboobooooooooooooooo
gooooooooooboooooooooooooo

4.1 HERERS, EEE
gobooooooooobooooboooooooo
goboooobooooooocoooboboooboobooooo
ooboooobooooooocoooOooOooboooooo
oooooooooIsoiooooooooooon
goboooooooooooooobooboooobobooooo
goboooooooooooooobooboooobobooo oo
goboooobooooooooooboooooooooo
goboooobooooobo
goboooooooooboocooboooooooo
0000o0o0oooooIso9%000 0000 ISO 14000
gobooooooooooooooboobooooboooooo
gooooooooopoopoooD (ooooo
0o0) oooooooooooooo (ooooo)
gobooooboobooooocoobooOooboocoooo
gobooooboooooooooooo
goboooooooooboocooboooooo oo
goboooooooooooooobooooobobooooo
gbooooooooboooobooobooooo
gboboooopoooooboooobOooooooo oo
gboboooobooooooocoOoOOoOoobooOoooa
gotooooooooooooooooooboobooo
ooboooooboooooooooooooboooooo



gooooboooo oo oO2zsd
44

goboooooooooboocoobooooooooo
gobootboooooooboocoooboobooooooooo
gooooooooooboooobooooooooo
goboooboooobooooboooboooooo

HEORE

TEOTA000EE R FEEIAMER
&R - EHA PRI E RMENEA

T RBAF, LCA 11
Ehe it EXSESUNN
- ER L EIR S KEEE ) HOBWEFRY—EZ
“WTO(— &8 % AHL)

+1SO9000% 0 EFF R #E 1L

DT Fibik

“fatl, ER
AR
T tEmaAl

HERIRERE

—EE
EEERIE EHRS R T LFIA

M4 OODODOODOOOODOO

4.2 REENEALSEBRILCHTHERE
gobobobobobobooboobooooooooog
goooboboobobobooboboboobobobo
goobooobooobobobobobobobo
gooboobobodobboobboobbooboba
goobooboboobboobboobbooobooba
gobobooboobobobobobobobobuoo o
00 0000000o0oooooooooooooo PFI
(Private Finance Initiative) OO0 OO0OO0O0O0O0 O
gooboooboboboboboboboobobo
000 PFIDODOOODODOOODOOOODODOO OO
gooboobooboobboobboobbooobooba
gpoobooo
gboboboboboboooboboooooooog
gooboooobobobobobobobobobo
gboboboobobobobobobobobobo
gooboobOobobobobobobobobobo
goobotobodbboobooobboooboba
(ooob) oobooooooOooooOoboooobooo
gobooooboooboooboooboboooboooobo
gbooboooboboboobobo
gboboboboboboooooboooooboooog
goobobOoboboboboboboobobobo
goobooboboobobooboboobbooobooba
goboboobobooobobobobobooobo
goobooboobobobobooobobobuobo
goobooobobobobobuobobobobo
gooboooooobooooOooooboboboooobooo

goboooobooooooocoobooOooboooooo
gooboooooboooooooooobooooboobooooo
ooboooooooo

b, ERINAEER Y ZXT A

goboooooooooboocooboooooooo
goboooobooooooooooboboOooboooooo
goboooobooooooooooOooooboooooo
ooboooooooooooooooooboooooo
goboooooooooooboooobooboooboobooooo
000 KM5000000000000000000000
gooobooooooooooo oooboooooooo
goooooooboobooboobooboooboo oo
goboooobooooooooooboooobooOoooo
00D 0000O0oooO0ooOO0o0o0ooOooOoO0g PenPCO
goboooooboooooobooobbooboobooooo
gobooooooooooooooboboobobooooo
ooao

EX =

KEENE

RN
8

PHS.”

| T RHEESOE |

K5 0000000000000000

5.1 WKFEHE
gobooooooooobooobboooooobooo
goboooooooooocooooboboobobooooo
gooooooooOoloooooOoOoOOOOO0 O
goboboooboboooooooobooOoooboobooo oo
gobooooboooooooooobooooboobooooo
oobooooooooooooooooooboooooo
gobooooobooooooooooboobooobobooooo
000060000 000000000000000
gobooobooboooooooobobodoooooooon
gboboooobooooooocoobooOooboooooo
goboooobooooooooOobOoOooboooooo
goboooooooooooooooooboooo oo



oooobo0o0o0o0ob0oo00oo0o00o0o0a 45

goboooooooooboocoOobboOooboooooo
gobooooboboooboocooooboOoooooooo
goboooobooboooboooobooooooooo
goboooooooooo

gooboooooooooboboooobooooooobooo
goboooooooboooboooobobooooooooon
gotoooooooooboocoooboboOoooboooooo
goboooooooooboooobooooboooooo
gobooooboboooboocoooboOoooooooo
gobootbooooooobooobbooooooooo
goboooooooooboooboOoooooooo
goboooooooooboocooooo

gobooocooooooboocoobooooooobooo
goboooooooooboocoobooOoooooooo
oobooooooogo

K6 00000000000000O0O0OOOO

5.2 R<F - IE/EEE
gobooooooooobooooboooooooboo
gooooooooooobooobbooooooooo
goboooooooooboboobbooooooooon
gbooboooobdooooboooobooboboooobooo
gobooooooooooooooboboOoooooooo
ooboooooooooboooOoboOooooonooao
gbooooooooooboooooboooooboobooo
gobooooooooooboboooboooooooo
gotoooooooooboooobooooooogoo
gobooouoboooooboocooboboOooooooonao
oooooooooooooooooooooboboooo
ooboooooooooboocoobooooooooo

SaEE L 56|
O SRR © (VEEH)

= ’irf NRRYAN \

(|

M7 0DODOOOODODOOOODOO

gobooooooooooooooboobooobobooooo
gobooooooooooooooboobooobobooooo
gobooooboooobooooooodoooboooooo
oooooooooooooooooooooooooo
goboooooboooooooooobooooobooooon o
oobooooooooooocooono

6. KEEWebIRFA

gobooooooooboocdooboooooooo
oooooooooooooooboooooboooooo
goobOoooooobobooooobobooooboooooo
oobooooooooooooooooobooonoon o
goooooooooooooooboobooooboooooo
goboooooooooooOoooboboOoobbooooo
oooooooooo (oooooo) ooooooo
gobooooooooooocoooboboOoooboooooo
goboooobooooooooooOooooboooooo
ooboooooboooobooooooOoooobooonoon o
ooooooooooooobooboboooobbboooo

6.1 LEEWebH—EXRYZXFLADELTORE
000000 (OO0O0O0O0000) 000000a
000000 O0O0O0O0OOoOoOoooDDoD (00o0oo0oo
0000000) 00000000000 000000
00000000 O00O0oOoOooooDoooooDoooo
0000000000 Ooooooooooooo
()OooooooooOooooooooo
(0000000000 (QOOO0OO0) OO
(300000 0000000O0Oon
0000000000 O0OO0O00D0DD0O0O0o0o0o0on



0000000000 00 0280
46

—TikiERE ]

WWWT 59 *fﬂﬁ%

1o8—hyh (T

EEE

FAT 24—

1B ZLAN

N N
WebH—/\
(BER R mEE, )

ﬁwv

DB (77 0K &, v=a7)...)

B IKIEEEAR HI =

zoEgr —

5 RLAN —

B %EIIL%/ |i|

-

yaw
| W J7A7o+—I)L
1% e

[ FERAN H ﬂ

Hl#Ea E1—4

X8 0000000000000000O0OOOOOOODOODODOO

goboooooooooboocoobooooooooo
goooooooooobooobbooooooooo
gobooooooooobooobboooobooooon o
ooooooooooooboobooooboooboooo
obooooboooooboboooboboOoooooooo
goboooooooooboooooboobooooboooooo
goboooooooooboocoobooooooooo
goboooooobooobooooDbD pooobooooo o
goooooooOooooboooobobooobooooon o
goboooooooooboooobbooooooooo
goboooooooooboocoooboboOoooboooooo
goboooboooobooooboooooooo
oooo0O oooboboobooocoobooooooooo
goooogo
(1) IR ER L DEE
gobooooooodooboooobooooooooo
goboooooooooboocoooboboOooooooonao
goboooooooooboocooobobooooboooooo
oooopooooo (boooooooooooooo

0oo0)oooooopoooooopooooooooo
gobooooooooooboooooboooooboooo oo
gobooobooboooboooooboooooo
(2) HX & DEH
gobooooooooooboocooboOoooooo o
goboboooooooooooooboooooobooooo
oobooooobobooooooooooooooooo
gobooooooooooooobooooboooooo
gobooooobooooooooooboobooobobooooo
goooo
(3) RIRIRSF
oooooooooooobo (coobo) boooobo
oobooooooooooooooooooboooooo
goooooooooooooooboobooobobooooo
gopoooooooooooOoooboboOooboobooo Do
gobooooooooboooooooo
(4) IR RIEHT
gooooooooooboocooboooooooo
oobooooooooooooooboooooboooooo



oooobo0o0o0o0ob0oo00oo0o00o0o0a 47

gobooooboooooboocooboboOooboooooo
goooooo

G HREDIZa=r—va Yy
gooobtooooooboooobooooooobooo
goooooooooobooobboOoooooooo
goboooooooooboooobobooooooooo
oo

6.2 4 1 7KEE Web

0000000000 00D000000000 000
000000000 00000D000000000000
0000000000000 0000000000000
000000000000 0000000000000
00000000 0000000000000000 O
0ooooOooooo™

0000000 000000D0000000000O0
000000000000 (QO0000) 000000
000000000 000000000000 0000
00 000000000000 00000000000
000000000 000000000000 (@O
0) 000000000 00000000000000
000000000000000000000 (@o)
000000O000o0ooo©@
(1) 75V FF—5 DRBESEREGE
000000000000000000000000
0000000000000000¢0
Q709574722 T 4ILF

000000000 0000000 00000000
0000 0000000000000000000 00
000000000000000000000000
(3) HRAEIEREL B E
0000000000000000000000000
0000 000000000000000000000
00000000000000000000 (0000
00) D0O00oO0ooooo
4)#&fEa< > FDEES{E
0000000000000000000000000
0000000000 000000000000000
00 (000000000 000000) 000000
00(0)0@oo0oo 00000000 oooooon
000000 0000000000000000000
000000000000000000

6. £&0H

goooooooOooooboooobooooooobooo

gobooooooooooocooboooooboooooo
goboooobooooooooooOooooboooooo
oobooooobooooooooOoobOoOooboooooo
gobooooooooooooooboobooooboobooooo
goboooooooooooOooboooboooooo
gooooooo
(WOooooooooOoooooooooooooo
goboooooooooboocoboooooooooo
gobooooooooobooooboooooooo
gobooooooooobooobboooooooo
goboooooooooobooooooboooooooo
gobooooooooboocooboooooooo
goboooooooooboocooboooooooo
goboooooobooooboocooboOooooooo
goboooooooooboocooboooooooo
gobooooooooobooobboooooooo
gobooooooooooboooboooooooo
gobooooooooboooooboooooogo
goboooooooooboocooboooooooo
goooooooooobooooboooooooo
ooooooooooooooooooobooooon
gobooooooooobooooboooooooo
goboooobooobooooobooooogo
oo0o0o0oooooUooUoDooooooooo
gobootboooooooboocooboooooooo
goboooooooooboocooboooooooo
goboooooooooboocoobooooooo o
goboooooooooobooooboooooooo
gobooooooooobooobboooooo oo
goboooooooooooooboooooogo
goooocooooooboooobooocoooon o
goboooooooooboocooboooooooo
goobooooooooooboocooboooooooo
gobooooooooooooobooooobooo
gobooooooooobooobboooooooo
gao
) 0ooU0DOo0UOOoU0OOoOUDOoUOOO
gobooooooooobooooboOooooooo
goboooooooooboooboooooooo
goboooooooboooooobooooooo
gooooooobooooooooboobooooboo
goboooooooooboooobooobooooo
gobooooooooobocooboooooooo
gooooooooooboocooboooooooo
goboooooboooboocooboooooooo



48 oooooooooo oo o280

goooocoooooobooooobooooooooo
goboooooooooooo

(4) 0000000000000 O0O0DO0O0OoOOooOO
goooooooooooboooobooooooobooo
gobooodoooooboooobooooooooo
gobooooooooobooooboooooooo
gobooocoooooooboocoobooooooooo
goboooooooobooocoobooooooobooo
oobooooooooooboocoobooooooo oo
gobooooooooobooooobooooooobooo
gobooooooooobooooobooooooooo
gobooooooooobooooooooooogoo
gobooocooooooboocoobooooooobooo
goooocooooooooooo

(o) JO0O00D0O0OO0O0OOO0O0DOO0DDOO0OOOOOODOO
gobooooooooobooooobooooooobooo
goooooooooobooooboooooooaoo
goboooooooooboooobooOoOoooogoo
00000000000 O00o0ooooo WebO O
gooooooooooooooobo (booooboo
goo) oboooooooboooooooooooo
goboooooooooboooobooooooo oo
ooooooboooooO0oOOO (oooo) oo
doooooooooooooooooooooon
gobooocooooooboocooobooooo® boo
ooooooooOo (coob)” oobooooooo
goooooooooooboooooboo, oooobooo
gooooooo, ooboooboboooo

SE 3

0) 000000000 OO000DD DDODO0O0OOoO, ppl2l, 199

0) 00000000 O0O0O0OOoOoDoOooooooo, 199

0) 0000000 0000000000O000O0ODODODODOODOOODOOOO
pooooooooDoO, bbooooOoOoooOoOoODOOOo0o0oooooDO,
00000000000, 00D0D00D0oDoOooooooo, 19991

0)oooo, 0000, 00000, DODOODODOODOODOODOODOOOO
0ooooooo, Doooooo coo, Volll9-C, No8/9, pp.1054-
1059,1999.

0)oooo, 0000, 00000, DODODODODODODOODOODOODOOOO
pooooooOoooooOoOO, bobooooooooo, Vol33, Nol,
pp.1-8, 1997

0)ooo, obOoo00, 00000, D000, DODoODOODOO0O0ODOOODOO
oogoopooooooD, boooooo, Volll8-C, No.7/8, pp.1183-1189,
1997

0) 000D0O0000000000000O00O0OO0ODODODODOODODOODOODOO
000, D090 DO0000O0 NEDOD PRO 9711, 1998

0) 0000000000000 0O0OOO-SIGNAL-, 0OO0O0oOooooo,
Vol.36, No.l, pp.4l-44, 1997

o) oooo, o000, 00000, D000, DODDODOOOoOoOoOOOoO
00000000000, 0000000 No.64001-50, pp.61-69, 2000.1

10) O0DO0O0, DO0D0,00000000000000000000000
pooooooog, boog VoslLNod, pp.2-6, 19994.

11) FuruyaM.,Fukumoto,T.and,Sekozawa,T.:
WWW-Browser-Based Monitoring System for Industrial Plants", in
Proc. IECON '99, Vol.3, pp.1146-1151,  1999.

12) 0000, 00000, 0000, 000000000000 Oooooo
J0o0oo00o0oo0ooOooDOoooooUOoO, oooo Vodl,Nod, pp.ll-
14, 1999.4.



49

;l‘;l,z,‘"ﬂfggjg obddddddodododoooooooooon

F
A
S— Mw&&%‘i@ R

oo oo

oo oo* [l
Maurice Haguenauer

D Kok

skskokosk sk

Study on the performance of a scintillating fiber detector
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Fig.l X-ray image of Crab pulsar obtained with
CHANDRA X-ray observatory (satellite of USA).
Super nova remnants are candidates of the most
likely sources of cosmic rays.
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Fig.2 Spectrum of cosmic-ray electrons measured
by several experiments. In vertical axis, electron
flux is multiplied by the third power of electron
energy. An expected spectrum to be obtained by
CALET for 3 years is also indicated with large
circles.
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Fig. 3
detector CALET to make observations of high
energy electrons, gamma rays, and heavy nuclei at
the JEM/EF on the International Space Station.

We have been developing a cosmic-ray
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Fig. 4  Schematic drawing of CALET detector
composed of the imaging calorimeter assembled
with SciFi’s and lead plates and the total absorption
calorimeter of BGO.
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Fig. 5 Examples of simulated shower images of
gamma rays, electron, and proton to be taken with
the imaging calorimeter of CALET.
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prototype SciFi detector at CERN-SPS. Electron
with beam energy 100 GeV from left side generated
the shower.
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Fig.13 Angular resolution obtained by shower axes
fitting was 0.25 degrees for electron showers with
beam energy 50 GeV.
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fibers for light guide (Right lower).
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Fig.20 Lateral distribution of electron showers with
beam energy 200GeV at 10r.l. A Simulated result
was also superimposed.
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beams of 200 GeV were irradiated to the 4cm
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Fig.22 SciFi detector to carry out a balloon-borne
observation of electrons and gamma-rays.
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Fig.23 SciFi detector assembled into the payload
together with electronics systems.
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