ZHMITHXFE

ISSN 1349-8800

T

AUT

A

.
LV2
H

§ - ENTHAFEHE

F148

5 XFHAK

A

AICHI UNIVERSITY OF TECHNOLOGY

2016



goobooodoobd 140
gdon

gogno

gbobooooobooboboboooooobooboboboobooo

........................................................................... gooooobobooooo .1

...................................................................................................... oooo ... 9
gboboobooooboooooboobanb

...................................................................................................... gpooo ... 19
gbooboooooooobooobo

........................... gbooooooooboobobobobooboooooboobooboo ... 25

Two-Dimensional Heat Conduction Problems for Functionally Graded Orthotropic Materials

............................................................................................. Manabu Ohmichi ...... 31

gooon

gboobooooobpythondDODOOOOOOODOO



googo

gbobooooooboobobobobooogoooooboboboboooo

...................................................................................................... gooo
gbooboooooboobobobooooobogoon
...................................................................................................... gooo
oo
gbobooooooobobobobooobooobgoon
...................................................................................................... opooo

obooooobooooobobooooobooooobo0obOon2016.1-2016.120

gboooboobon

ooooboooboobooo



0000000000 1400 Bulletin of Aichi University of Technology 2016 O O O pp.1~70 2017.30

gogn

bbb boobuoboboobouooboon

000 0Doooo ‘ooooo ™

g20t60 90300000

Estimation of Distance for a Speaker using Acoustic Models on Input Speech
Recorded by a Single Microphone

Jin Li*, Takatoshi J itsuhiro*, Kazuya Takeda™

(Received September 30, 2016)

Abstract

In a single microphone, we propose an estimation method of the distance from the microphone to the speaker

using a vector quantization (VQ) codebook. This method can estimate the distance roughly. The acoustic transfer function

is estimated from the subtraction between the input speech and clean speech that is estimated from the nearest centroid in

the VQ codebook to the input speech. Experimental results show that our proposed method can obtain the recognition rates

from 60% to 66%. The iteration algorithm is also proposed to estimate acoustic transfer functions more accurately, and

obtained around 70% maximum recognition rate.
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Keywords[] distance estimation for a speaker, single microphone, acoustic model, vector quantization

1.00000

gbooboboboboboboboboooooo
gboboboboboobobooboboooooooo
goboobooooboooboboobboobooooboo
gbobooboooooooboooooooooooon
gbobobobobooboobooboooooooooo
gbobobobobooboboboboooooooo
gboboboooboobooboobooboooo

gboboboboboooooooboobooooog
gooboobobobobooobooooooooobooon
gboboboooooboooooooooboooboooboon
gooboooobomooooooooooooooobo
obooboboooooooobobobo™@moobobo
gbobobobobooboboobooooobooooon
gboboboboobooooooooboooboobooban
gooboobobobobooboooooooooon

0000000000
0000000000000 0O000oOoOoOgo
0000000000000000000000000
0000000000000 000000000000
0003000000000000000000000
0000000000000000000000000
O (Direction of Arrival, DOA) D OO OO0OOOOOOO
PO ppoooo00000000O0O0O0oo0o0ooo0on
0000000000000 000000000000
0000000000000 D000000000000
0000000000000 000000000000
ooooDooooooo®ooooooooooooon
000000000000000D0000mMOO0000
0000000000000 000000000000
Do00000oooo"oooD 8emOOOOOO
000000000000000000000 1000

10



100006000600 0000000000000
0000000000000 D000D000000000
0000000000000 000000000000
U000000000000000000000000
oooooooon
0000000D000D000D000D00000000
D000000000000000oooooooog
0000000000000 000000000000
0000000000000 000000000000
0000000000000000000000000
0000000000000000000000000
O000000000000000000000 HMM
(hidden Markov model) 0 0000000000000
00ooo0oooo™0Oo00000o000oonoog
0000000000000 00000 HMMODOOO
00000000000 00000D0D000000OOg
0000000000000000000000000
0000000000000000000000000
ooooooog

0000000000000 00000000000
0000000000000000000000000
0000000000000 00000ooooo
00D00D00000000000000000 (vector
quantization, VQ)U U O OO OOOOODOOOOOOO
0000000000 00oooooooooogie®™
0000000000000 D000D000000000
00000000000 00000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000 D000000000000
0000000000000 000000000000
00D000M0O000000000000000000
0000000000 MO000000000o00oog
0000000000000 vQUOOOODOOoOoO
0000000D000000000000 vQUOOO
0000000000000 000000000000
0000000000000 000000000000
0000000000000000000000000
ooQ

000000000000 002000000000
0000000000003 000000000000
0000000D000000004000000000
0000000000000 000000000000
50000000000000000060000000

g20d

The templates of acoustic transfer function

I
by,

a— | : |
1m 4m 5m

The distance from the microphone

Fig.1 Templates of acoustic transfer function depending on the
distances from the microphone.

200000000000

2100000000000 0b00b0b0bo

gobooobboobbbodoobOFgadoonDo
gbooboboboooooooooooooooooon
20em, JO0O0010 SmOO00O00000O00OOO
gbobobobooobooooboooboooboooboon
obobobobooboobooooooboooooooboo
gboboobobobobooboooooooooon
gbobobooooooboooooooooboooboon
goooboooo

oo0:0o0bO000oo0bOoboobo Xx,opooo
goooooo

X,=H,-S +N, (1)
0000 S,H,N,00000000000000000
0000000000000000000000000
0000000000000 000000000000
0000 X,00000000000AN,0000000
000000 X, 0000000000000

X ~H

t t

S, @
000000000000000000000 logH, O

log H, ~log X, —log S, 3)

0000000000 o0UOoo0o S, o0o00ouoooo
goodogo ﬁ,DDDDDDDDDDDDDDDDD
gboobooooooooboobobob
gobooobobooobvQuoboooobobooo
gobodbbooboboooboooboobboon



D0000000D000000C(1<isM)00000
goooooooouobouoooobooooooooo
HOOODOODO0O0O0O00O00D000 X, 0000000
00000000 X,0000000000o0 6 ooo
0ooo ¢ooooooo s, 0000Do0ooooon

DDDDD&,DDDDDDDDDDDD

logS', =arg min(logX, —logCl.)'(logX, —logCi) “)

log G;

0000 " 00000000000 H,0 100000
00000000000000000000 AO00O0
DEIEIDDI:IDEIEIEIﬂrDDDDDDDDDDDDD
ooooo

S logH, (5)

-1
logH =—
R~
logﬁDDDDDDDDDDDDDDDDDDDDDD
DDD1ogﬁDDDDDDDDDDDDDDDDDDD
gooooOooOoooooooooooobooooooo
goooooooooooooo

220000000000

gboobooboooboobobobobobovQuooo
goooooooooooooooooooooooDo
gboboboboobooboooooobooooobooobooon
gbooboobobobobooboooooooooboan
gooooooooomooooooooooooboo
goobooooboboboooboobooooooon
goooo

CHERRRNENS

3100000

gobooooboooonozo,1,2,3,45md000
gboboooooboobob3pbobooobooobogn
giooooooooooooooooboooo

gooboooboooboobobobobobobobob
gboobobobobobob20emtd smOOgoOooOd
gobooooboooobooooooooooooooo
gbooboobooboobooovQuboooon
gbooooooobobobo2sedngn
g20000000000000000000DOO0O0DO

o330

. Loud speaker

o

Fig. 200 The recording conditions.

gbobobobobobobobobooooooo
gboobobobooooooooooooooon 12,
256,512, 1024, 2048, 4096 0 00 O O
g3goooooboboobon

gooooobooooboboboboboboobooob
gbobobobobobobobooooooooo
gbd20em, I mO0000000 2m0 5m0O0g 20
gboboboboooooogonog

3200000

Fig20 0000000000000 O0O0O 1,200
00oooooooooooooooooooooooo
0000oooooooooAUTOODOO 1000000
0000ooooooooooooooooooooo
oooooooooooOooooOoooooooooo
00o00o0oo0oo0oo0ooUoooUooUooooo
ooo0oo0ooOo0ooOooUooUoUoooUuoooo
ooooooTsPOO0COO0OOOOOOOOOOO
go00ooOOoOoO0O0oOobOUooOOooUoooooogo
Ooo0Q0o0.20,1,2,3,45m00000000000 TSP
(Time Stretched Pulse) 00 D0 0000 O0OOOOOOOO
Ooo0ooOoOooD 40 TSPOODOODOODOOIOOOO
00oo0o0o0oooooooooooooooooooo
0000000000000000 YAMAHA O MSP7
STUDIOD DO O0O0OO0OOO SONY D ¢-357000000
Roland 0 R-440 0000

ooooooooOoooOoOooooo obooooog
00000000 (Japanese Newspaper Article Sentences,
INAS)'* 0000000000 16kHz2O0ODOOOOO
oooooOoooo0le0ooooooOOooooon
25ms0 0000000 SmsO0O0O0O00O0OODOOOO
2560000000000 0OOOOOOOOOODOO



gobooboooboobooboobobboveboo
ooooooogs3e700b0oobooboon IPA-98-
TestSetOO230 00 100000000000 000O0O
gbobooboobobobooobooooooboooboon
gooooo

330000

33l ooooooooooooobooboo

Fig30OOOOOO (Voice Activity Detection, VAD)
00 (with VAD) 0 O O (without VAD) DO OO OO DO
obobooooooboboboood 20emd Sm
0200000000000000000D0C0O00DO
goooooo0oobobobooobooooboooooo
20ecm U0 8% 0O05mO0 6% 00000000 0O0OOO
goo0oOo0o0oDoooobooooooDo

332000gooooooooooooobobo
ooo

Fig. 40O 0UODOOOODOOOOOOOOODOODOODO
oo0o0oo0oooooooooboooooooooDOooDo
e000O00OO0O00OOOOI128, 256, 512, 1024, 2048,
40000 0000000000 ODOO0OO"deal” ODODO
gboboboboooboboobooooooooon
gboboboboobooboooboooboooooboooaon
gbobobooooooon

o0000o0oooogossge»nioooooon
goobobooiwooooboobooooooooon
gbobooboboboboooboooooooooboon
gboboboboooooooooooooooooon

80

B without VAD
B with VAD

70

Recognition rates [%]

60

20 cm 5m
The data set for each distance

Fig. 3 0 Distance recognition rates with / without VAD.

goobogooooooboobobo4mbbooobon
gboboboboooooboooooooooooon
gboboooooooboobd

3330000000000000

000 Q0 cm, ImOIO000 2,3,45mO0000
00000000000 Figs0000000 “Short
distance’0 0 0 0 “Long distance” D 000000000
00000000000000 1280409600000
0000000000000000000000000
0000000670 75% 000000 690 80% 0 O
0000000000000000000000000
0000000000000000000000000
000000000D0000000000000000
ooo

B Codebook size =128 ®256 ®5]12 B]1024 B2048 04096 Uldeal

80

70

60

Recognition rates [%]

50 -

20 cm 1m 2m

3m 4m S5m

The data set for each distance

Fig.4 Distance recognition rate for each distance and each code book size.

040



B Codebook size = 128 B256
3512 01024
02048 04096

90

80

Recognition rates [%]

Short distance Long distance
(20 cm, 1 m) (2,3,4,5m)

The data set for each distance

Fig.5 Distance recognition rates for the short distance or for the long
distance.

400000000000

goooboobooboboboboboboboobooo
ogbooooosobooooooooooooon
gcoooooooooooodx,ooooogooon
oooooOoOoOoOO0o0OOOooo x, 000 HOOOO
gboboboboooboobooboooobooobooooon
oboox 0000 00000000000

gboo@moooobobobobooobooooobogoo

000000000000 AY00000000000

000000008 00000000 S‘,DDDDDD
gboboboboooboobooboooooooooo

0000000000000 000000000 A%0
0000000000000 000000000000
0000000000000000000000000
0000000000000000000000000

0000000000000 000000AOODOO
gboobooooooobobooobooobogo

[0000000000]
Step.10 0000 n=10
Step200 0000000 (g1<s<7)00000

A"”0000000000000000
i. O0r=1000 §""=X, 0

ii vQODOOOOOOOOOOO0O0OO000000
00000000 s"O0000

gso

log 8" = arg min(log S _logC, ) x (log St _logcC, ) (6)

log G;
iii. A"000000
log H" =log X, —log S (7

Step30 0000 A”O0O0OOOO

. 1L, A
log H" = FZbg H" (®)

i=1

Step.40 fI(”)DDDDDDDDDDDS‘l(")DDDD

log §"" =log X, —log H" )

Step.s 000000 A-'00000000000
AH”0o00oo0o0oo0ooo

D=(A" A" ) (A" - A") (10)

Step.60000 D<eD e0000000O0O0O0O0OO
0000000000000 n=n+1000
Step2 0000

00000000AYDDO000O000000000
odooooooOooooooooooooooooon

goobobo

s.000 2

5100000
000000000000000000000000
0000000000030000000000000
0000000000000000000000000
0000000MO0000000000000000
1024,2048,4096 0 3000000
0100000000000000000000000
oooono
000000000000000000000000
00000000000000000000
0200000000000000000000000
0ooooo
300000200000000000000000
0000000000000000000000000



5200000

giooooooooooooooboooobooooo
ooooo

Fig. 6,7, 8000000000 0O0D0OOO 1024,
2048, 4006 0000 0000O0OODOOODOOODODOOO
O without iteration[ 1] J [0 OO O O 0 with iterationJ O O 00 O
ooooooooooobooooboooobooooDo
gooooooooboooooboooDoo0 10 3%0
00000000 O000ooOoDoOooDoOooogn 409
oodo0de0d 6% 000000000
2000000000000 00DOO000D0O0O0OO

ooooo

Fig.ouOoDOoOOOOOOOoODOOoOooDooooOOo
o00oomoooObooobobo0oooooooon “Short
distance”] 0 O O “Long distance” 0O OO O OOOO
00000000000 DODO 1024, 2048, 4096 0 O
gooooo30000b000000000000Fig.
s0O000000DO0O00O0OO0ODOOOO0Omooboo
jpooobobooooobooooobooooooboo
gooooooooooo0ooooboogn 20 3%0
gooooobboOooboo0oobobooobbooooboo
4000000000000 77% 00000 8% 000
oo

6.0000

gobooooboobooboboobooobvQuoo
gooboobooobobooobooboobobooboo
gooooooobobooboooboouooDboo
gboboobobobobooboooooooooboon
gbobobooooobooooobooooooobooobooon
gooooooooooooooobooooobooooDo
goboobooooboobooobobobobooobooo
goooobobobooooooooooooooobooon
vQObooooooooooooooboooooogo
booobooboooooboobobobobogdeod 66%
gboboboboooooooooooooobooobon
oobooooooooboooooobooobOooon
gboboboboooboooooooooooooboon
75%00000 80% 000000000
goboooooooooboooobobooooboobooooo
gbobobobobooboboobooboooooooon
gbobobobovQubuoboboboobobaob
gobooooobbooobooobbooobbooooboboo
gbobooboobooooooooooooooooboon

gel

80 I I
¥ without iteration

B with iteration

70

60 -

50 - l

20cm Im 2m 3m 4m Sm
The data set for each distance
Fig.6 Distance recognition rate using the repeated estimation for the
codebook size, 1024.

Recognition rates [%]

80 I T

= without iteration

B with iteration

70

60

Recognition rates [%]

50
20cm Im 2m 3m 4m Sm
The data set for each distance

Fig.7 Distance recognition rate using the repeated estimation for the
codebook size, 2048.

80 I T

= without iteration

B with iteration

-
f=}

=}
(=}

Recognition rates [%]

50
20cm Im 2m 3m 4m Sm
The data set for each distance

Fig.8 Distance recognition rate using the repeated estimation for the
codebook size, 4096.

B Codebook size=1024 (without iteration)
B2048 (without iteration)

B4096 (without iteration)

1024 (with iteration)

B2048 (with iteration)

04096 (with iteration)

90

Recognition rates [%)]

Short distance
(20 cm, 1 m)
The data set for each distance

Long distance
(2,3,4,5m)

Fig.9 Distance recognition rate for the short distance or the long
distance using the repeated estimation.



goboobobooboooboooboooboobobo
gboboboboboobobobobooooooo
gobobooobgeod 6% 00000000 DOOO0O
goobobooobogrb 3%00oooooooobon
ooogoooooooo203% 0000000000
gboob 77% 00000 2% 000000000
gboboooooboooobooooooooboobo
goboooboboobobooooboooboooboga2se
gbobobobobooboboboboooooooo
gboboboboboboooboooooboooboooboan
goobooooboooooooooooooooooon
gbobobobooobooooboooooooobooon
gbobobobobooboboobooooooboooboon
gobobobobobobobobobooooooo
gboboboooobooobooboboboooo

oo

goooiJseSO0O0O 235002300 0000000

o770

(1]

(2]

(4]

[3]

(6]

(7

goon

M.S.Brandstein, H.F.Silverman, “A practical methodology for
speech source localization with microphone arrays,” Computer
Speech & Language, vol.11, no.2, pp.91-126, 1997.

P.Bergamo, S.Asgari, H. Wang, D.Maniezzo, L.Yip,
R.E.Hudson, K.Yao, D.Estrin, “Collaborative sensor network-
ing towards real-time acoustical beamforming in free-space and
limited reverberance,” IEEE Trans. Mobile Computing, vol.3,
issue 3, pp.211-224, 2004.

F.Asano, H.Asoh, T.Matsui, “Sound source localization and
separation in near field,” IEICE Trans. Fundamentals, vol.83,
no.11, pp.2286-2294, 2000.

S.Esaki, K.Niwa, T.Nishino, K.Takeda, “Estimating sound
source depth using a small-size array,” Proceedings of ICASSP
2012, pp.401-404, Mar., 2012.

R.Takashima, T.Takiguchi, Y.Ariki, “HMM-based separation
of acoustic transfer function for single-channel sound source
localization,” ICASSP2010, pp.2830-2833, Mar., 2010.

Oo0,0000,"00000000000000D00O
oobo 002300 ODOOOOO0OO0OOCODOOOO,
Sept., 2012.

ooO,0000,0000,“00000000000~O
gooooobooboobooooooooo,yoooooo
201300000000 ,Mar, 2013.

K.Ito, M.Yamamoto, K.Takeda, T.Takezawa, T.Matsuoka,
T.Kobayashi, K.Shikano, S.Itahashi, “JNAS : Japanese speech
corpus for large vocabulary continuous speech recognition
research,” Journal of the Acoustical Society of Japan (E) 20(3),
pp.199-206, 1999.






0000000000 1400 Bulletin of Aichi University of Technology 2016 O O O pp.9~170 2017.30

gogn

gobgobbuooboooboboobouoouooo
—ugobgoouooboobouoood —

oooo "

g20t60 90300000

A case of Projection Mapping to Sculpture What is my left eye looking at?
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Abstract

“What is my left eye looking at?” is the installation that made by Projection Mapping based on the sculpture of the
left eye. In this paper, the production method and process of the artwork is clarified. A white object is created adjusting by
author’s left eye took with video cameras, and video images and CG image was taken on the white object using Projection
Mapping. The concept of this art work is to express information about the creation of information obtained from the vision,
which is memorized, changed and connected each other in the brain in order to acquire new inspiration. In the case of
conventional projection mapping, images are projected to existing three-dimensional objects, like buildings in many cases.
As to this art work, an ordinal object is created and images are projected to this created object as a screen.
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Keywords: Projection Mapping[Imedia artlJvideo installation
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Analysis of Close Contact Melting of Ice on Triangular Cylinders

Yasuaki Shiina”

(Received September 30, 2016)

Abstract

Close contact melting of solid phase on hot triangular cylinders horizontally arranged in line was studied

analytically. Momentum and energy equations were treated on the assumption that nonlinear term in the momentum

equation can be neglected because of low velocity in thin liquid layer between two surfaces of the cylinders and the solid

phase. Momentum and energy equations were integrated based on the approximation that temperature profile in the liquid

layer can be expressed by polynomial function. Functional correlation between the height of a solid phase and time was

obtained.

The results show that the melting rate is high at the first stage of melting, and it gradually decreases as time passes.

It is also shown that the melting time decreases with decrease in the length of the side length and decrease in the vertical

angle.

Keywords: Close contact melting, Triangular cylinder, Melting, Phase change, Vertical angle, Heat transfer Analysis
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Development of the Solar Car for Running in Public Road

Hirokazu Suzuki*, Mamoru Nakashima*, Hideo Nagata*, Masayuki Iwase*, Kazuki Koumura*, Hidefumi Ono*

(Received September 30, 2016)

Abstract

The authors participate in many races by solar car manufactured so far and have gained experience of the vehicle

making. In this report, the race run data was analyzed by the solar car race of SUZUKA in 2016. After that the solar car

was improved as a vehicle for public road and the permission number on the public road was acquired. Further, the driving

experiment on the public road was performed by this vehicle. When there is sunshine of more than 21 hours in a week, it

was revealed that the average mileage of the car commutation (23.4Km) can be served by solar energy.

goooooOoOoO0oOO0OO0OOO0OOOOOOOOOOOOOOODOOOODOOODOO
Key Words : Solar Car, Solar Cell, Lithium Ion Polymer Battery, OLYMPIA CLASS
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Abstract

This article deals with two-dimensional heat conduction problems for functionally graded orthotropic materials

(FGOM) in Cartesian coordinates. The material properties such as specific heat ¢, density p, thermal conductivities A, and

A,, in x and y directions, respectively are assumed to be functions of position (x, y). For steady state, the following four
types of FGOM [(1) A,74,4¢™, 2,72,0¢", (2) 2,74 0¢™, 1,=4,6¢”, (3) A=A, (1+ax’), A, = A,o (1+ax’) and (4) A, = 1, (x), 4,
= A, (x)] are treated. For transient state, the following two types of FGOM [(1) c(x)o W=, A, = A", A= l_,,oeg “(2)

¢ =c(x), p=p (x), 4, =4, (x), 4, =4, (x)] are taken up. Transformation of variables, Laplace transform and the perturbation

technique are adopted. Performing inverse Laplace transform, the temperatures are obtained theoretically. The numerical

calculations using perturbation method were carried out and compared with those obtained by exact solutions.

Keywords : Heat conduction problem, Functionally graded material, Orthotropy, Two-dimensional problem

1. Introduction

The concept of functionally graded materials (FGMs) was
firstly proposed by Koizumi and his colleagues " *. Noda”
presented the first overview of the thermal stress problems in
FGMs. Many entries on the thermal stress problems in FGMs
have been introduced in the Encyclopedia of Thermal Stresses
by Hetnarski”. For the analyses of heat conduction or thermal
stresses in anisotropic or orthotropic materials, Ferrari”
discussed a thermo-elastic problem in an inhomogeneous
anisotropic layer. Tarn et al.” presented a state space approach
to heat conduction in a cylindrically anisotropic circular tube

of functionally graded material. Chen et al.”

investigated the
thermal fracture problem in a functionally graded orthotropic
strip. Berger et al.” considered the heat conduction in an
anisotropic inhomogeneous medium using the Green’s
function. Ootao et al.” treated the transient thermal stresses
in an orthotropic functionally graded thick strip due to non-
uniform heat supply in the width direction. FGMs have been
used as cutting edge of the tools, pipe couplings under high

temperature and wrist watches, etc. FGOM is one of the

future industrial materials which can resist high temperature
differences in x and y directions, independently. FGOMs
are applicable to space vehicles, aircrafts, sports and leisure
widely. The target of this contribution is to clarify the

analytical methods of heat conduction in FGOM.

2. Heat conduction in FGOP whose thermal

properties are functions of x and y

When material properties are functions of variables x and
v, the two-dimensional transient heat conduction equation in

FGOM is given by

2
o

where c(x, y) denotes the specific heat, p(x, y) is the density,

c(x,y)p(x,w‘;—f:%Wx,y)z—ih [iy(x,y)z—;HW(x,y) 0

A, (x,y) and A, (x, y) are the thermal conductivities along x
and y directions, respectively. W(x, y) denotes the internal
heat generation per unit time and unit area. For the steady

state without internal heat generation, Eq. (1) reduces to

U Department of Mechanical Systems Engineering, Aichi University of Technology, 50-2 Manori, Nishihasama-cho, Gamagori, Aichi 443-0047
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0 or, 0 or
—I[A,.(x,y)—]+—I[4,(x,y))—]=0
oAl ay[-‘(”)ay] ()
When material properties are arbitrary functions of x only
c=c(x). p=p(x). 2, = A(x), 4, = 1,(x) 3)

Eq. (1) reduces to the following equation for the transient

state without internal heat generation

o’T
2

5 @

oT 0 oT
—=—[A(x)—]+4,
c(x)p(x) o 6x[ () ax] L (%)
For the steady state without internal heat generation, Eq. (4)
becomes

2
af:o
ay

0 or
LA+ A4X) )

3 Two-dimensional steady heat conduction in
FGOM
3.1 Thermal conductivities with exponential

functions of x

We consider the case when the thermal conductivities in x

and y directions are expressed in exponential functions of x

2,(x)= 2", A(x)=2,.e" (6)
where 8, 4, and 4, are constants.
Eq. (5) reduces to

Ay 0T or. o°T

X (—+ pf—)+ =0

A (ax2 d Gx) oy D
By using the separation of variables

T(x,y) = f(x)g(») (®)
Eq. (7) becomes

A, d’f(x df (x 1 1 a&°

Zag @10 g d@) 1 W) o

Ay dx e T f(x) g dy

where s denotes the separation constant.

Eq. (9) yields the following two ordinary differential

equations

df (x) ﬂ’yO 2

———-——s5"f(x)=0
W

X

I
de
d’g(y)

dy’

B (10)

+5°g(») =0 (11)

The solution is obtained as
T(x,y)= (Amei/jx + Ay ) By + By)

+I: (4,,e™ + A4,,*)(B,, cossy + B, sinsy)ds (12)

0320

where 7, and r, are given by

(13)

We consider the functionally graded orthotropic strip (FGOS)

shown in Fig.1.

T= T.g.() T=Tygyy)

~

X

»
»

Fig.1 The boundary conditions of FGOS

The boundary conditions are assumed to be even functions of

v and they are expressed in Fourier cosine transform

T=Tg,(»)=T,] g (s)cossyds atx=0 (14)

T=T,g,(»)=T,] g,(s)cossyds atx=h (15)
where

_ 2 (o

8.(5)=—], g, cossyy

_ 2 (o

() =—[ g, (cossydy (16)

The temperature which satisfies the boundary conditions is

obtained from Egs. (12), (14) and (15)

Z,(s)sinh(h—x[B* / 4+ ¢’s*

sinh /B> / 4+ ¢*s*

_ 1:8,(s)sinh WP AT s ]

sinh /i[5 / 4+ s

B, T
T(x,y)=e * | [~

0

cos sydy a7

As an example, we consider the following specific boundary

conditions
T(0.)=0,T(hy)=T,e " (18)
By using the formula for Laplace integral "
Jme"’*2 cos 2axdx = 1\/;6?2 (b>0) (19)
0 2\Vb



we get

8,(s)=0 (20)
g()=—e ® 1)
Jra
Using the following non-dimensional variables
X=x/hy=ylh B=Bha=ha,s=sh
TEy) =TT, (22)

the exact temperature for the specific boundary conditions
shown in Eq. (18) is obtained.

wsmhxwlﬂ /4+¢°s* ¢

e % coss yds (23)
0 smh\/ﬂ /4+¢°s?

B

T(x,y)= \/712__56

3.2 Thermal conductivities with exponential

functions of x and y

We consider the case when the thermal conductivities in x
and y directions are expressed in exponential functions of x

and y

A=Al 1 = e (24)

where 3,7, 1, and 4, are constants.

By using the separation of variables as shown in Eq. (8), Eq.

(2) becomes

df(X)] 1

a1

where s denotes the separation constant.

1
g

d’g(y)
dyZ

d’f(x)

y) =

x0

e’“[

+ =5’ (25)

0

From Eq. (25), we obtain the following two ordinary

differential equations

df(x) | Ldf(x) sT
—_— 0 x)=0 26
e +p & f(x) (26)
g , dg(y) —
— g(»)=0 27
e dy y (27)
Here, we use the next transformation of variables
e =z, e" =z (28)

Using z, and z,, Egs. (26) and (27) are possible to express

2

d’f(z) s 1
dzl2 voﬂ f( ) 0 (29)
dzg(zz) s? 1
—dzzz _/1}07 g(zz) 0 (30)

Meanwhile, the solution of differential equation

0330

2

~+az'u=0

€3]

is given by'"”

2f

) (32)

V2
where Z,(z) denotes J,(z), Y,(2), 1,(z) and K (z), J,(y) and Y,(y)
are the Bessel functions of order v, and /,(y) and K,(y) are the
modified Bessel functions of order v.

By using these Bessel functions, temperature is obtained from

Egs. (29) and (30)

T(x,y)=(Aye ™ + 4,)(Bye ™ +By,)

e 2 [l 2

—e a Y+ BK,(2

2)]

xe > [CJ 2 / X )+DY(2 > )] ds (33)

where 4, Ay, By, By, A, B, C and D are constants which are

determined by the boundary conditions.

3.3 Thermal conductivities with power functions of x

We consider the case when the thermal conductivities in x

and y directions are expressed in power functions of x

A, =+ ax”), A, = 2, (1+ax”) (34)

where a, 8, 4,4 and 4, are constants.
By using the separation of variables as shown in Eq. (8), Eq.

(5) becomes

)dzf( ! __dig) 1
a

L) )
o rad) ) B gy

,(+a’ -

=5 (35)

where s is a separation constant.

Eq. (35) yields the following two ordinary differential

equations

B+ @y L) f 0| pa e ‘%— A,(1+a”)s* f(x)=0 (36)
dzf +5°g=0 (37)

We express the solutions of eq. (36) in power series
F=2ax . f(0)=T b (39)

Substitution of Eq. (38) into Eq. (36) yields

2
2 N

q man fOV 0S}’1<ﬂ—2

an+2 =



: +2-
an+2:q2 s an_n ﬂ
(n+D)(n+2) n+2

aa,, , for B-2<n<p

N s n+2-p4
a,., =4 W aa, ., p
(n+1)(n+2) n+2

2
2 S

q maamﬂ fOV ﬂSn

bn72= m f0r1<n<ﬂ 2
) s’ b n-2+p
n-2)n-1)" n-2

w2 = 4

ab, ., for f-2<n<p

2 —
2 s b - n-2+p ab, .,
(n-2)(n-1) n—2

2 =4

2
N

q mabniﬂ fOV ,BSn (39)

where ¢ is given by Eq. (13).
Meanwhile, the solution of Eq. (37) is given by
g(y)=C,+ D,y +C sinsy+ D, cossy (40)

where C;, D,, C, and D, are constants.

Then, the temperature is obtained as

T(x,) = [ T/ () + Bf, ()]
x[C, + D,y + C;sinsy + D, cossy]ds 41)

where 4 and B are constants. The constants in Eq. (41) are

determined by boundary conditions.

3.4 Thermal conductivities with arbitrary functions

of x
When the thermal conductivities are expressed in arbitrary
functions of x only
A, =A%), 4, = 4,(x) (42)
Eq. (5) becomes

A.(x) 62T+ 1 di(x) 6T+62_T_
A, (x) ox’ A(x) dx  ox o’

(43)
By using the separation of variables as shown in Eq. (8), Eq.
(43) becomes

A0 1O/, 11 @y 1 F
2,(x) f(x) o /1,()6) f() de ox gy o’

=5" (44)

where s is a separation constant.
Eq. (44) yields the following two ordinary differential

equations

df 1 dimdf AKX .
o I & d A0 4)

d2
§+s2g =0 (46)

When the relation between A ,(x) and 1,(x) is given by

4,() = const (47)
A, (x) '

x

q=

we can solve Eq. (45) by the perturbation technique

B =40, 1(0=3 877 4)
where & is a small parameter , ¢(x) is a function of x and /" (x)
is a sequence of functions.

Substitution of Eq. (48) into Eq. (45) yields

')
Cixz

S¢° f(x)=0 Jfor m=0 (49)

LLO @=L or m=1,23:4 (50)
X

By solving Egs. (49) and (50), the general solution of Eq. (43)

can be obtained in the form

T(x,y)=f(x)g()

= (4] md’“ +B)C+Dy)+ [ {i 5" A4, € + B, &
j (&) g ;5) sinhsg(x — &)d&][C, sinsy + D, cossylds  (51)

where 4, B, C, D, A, B,, C; and D; are constants.

As one example, we consider the functionally graded
orthotropic strip (FGOS) whose boundary conditions are
shown in Egs. (14) and (15). The temperature which satisfies

the boundary conditions is simplified to

(s)sinhsgx +T,g, (s)sinhsq(h — x)

T bgb
()= '[ [ sinh sqh

0" sinh sgx dr"' (&)
dg

[ 9&)F—=sinhsq(h - &)

w1 sqsinhsgh 0

a"(&)
dg

j #(&)L—22sinh sq(x — &)dE]cos syds (52)

For specific boundary conditions shown in Eq. (18), we can
apply Laplace integral shown in Eq. (19) and the temperature
shown in Eq. (52) reduces to

2

7:7 . h
T(x,y)= J. { o Slnhsqh sinh sgx
G| ARG )
+; sqsinh sqh Smhsqx-[ )= e sinhsq(h—&)dg



—sinh sth (&) ——=

sinh sq(x — &)d &} cos syds

m—1
(&) 53)
ds
where the first term of 7" (x) is obtained from Eq. (49) and
boundary condition Eq. (14) as

fO(x)=24 ,sinh sgx (54)

where A4, is a constant.

When the thermal conductivities A,(x), 4,(x) are expressed by
Eq. (6), Eq. (48) leads to

—(111/1 )=— [ln(ixoeﬁ =B =04(x) (55)

and
B=5,p(x)=1 (56)
By using the non-dimensional variables shown in Eq. (22), we

get the following approximate temperatures

1 (=sinhsgx i
T(x Y coss yds form=0 (57
()= N7 a'[0 sinh sgq ys f 57
and
I LTI
T(L)’)— = J e‘”cossyd_form 0,1 (58)
za * sinhsg

4. Two-dimensional transient heat conduction in
FGOM
4.1 Thermal conductivities with exponential

functions of x

When material properties are exponential functions of x

only

c(x)p(x) = cope™, A,(x) = A", A, (x) = A,,€" (59)

where ¢, py, 8, 4, and 4 , are constants,

Eq. (4) without internal heat generation leads to

1 aT 5T
K, o o

or
+ —
P ox

, 0T
+q 6};2

(60)

where ¢ is given in Eq. (13) and x, =4,/ (c,p,) -

By using the Laplace transform

S ()= fWedr 61)

Eq. (60) can be transformed into

aT
ox’

(62)

where T; is the initial temperature.

By using the separation of variables

0350

T*(p,x,y)ﬁz + f(0)g() 63)
we obtain

PIW W p 1A
R f()f() e

where s is a separation constant.

Eq. (64) yields the following two ordinary differential

equations
dzf(zx) ﬂdf(x)_(£+q2s2)f(x):0 (65)
dx dx 0
59 L (9 =0 (66)

The general solution in the Laplace domain can be obtained as
T"(p,x,y) = lTi + J.:(Ale"‘ + A,e”)(B,cossy + B,sinsy)ds (67)
p

where 7, and r, are given by

ﬂ 2.2
y=——+4+ |— +qgs
i B 4 q

B_|p
=—=— | + L+ g5’ 68
2 2 4 q (68)

We consider the next boundary conditions

T=T+T,g,()=T+T, g(s)cossyds atx=0  (69)
T=T+T,g,()=T+T,[" g,(s)cossyds atx=h  (70)

where 2,(s) and g,(s) are given by Eq. (16).
The Laplace transform of boundary conditions shown in Egs.

(69) and (70) yields

o I T = _
T :_'+_".[ g,(s)cossyds at x=0 71
p p
o I T oo _
T —_'+_bj g,(s)cossyds atx=h (72)
p prr

The solution in the Laplace domain which satisfies the

boundary conditions in Egs. (71) and (72) becomes

o1 »[T,g,(s)(e™™ —e"™) + T,g, (s)(e™ —e™)]
T = ;T,. + L e eqhh) - cos syds
= —T + J !
p psmhh\/ﬂ /4+p/K,+q’s

_B,
«[T,g,(s)e > sinh(h—x)/B> / 4+ p/ K, +¢s*

Loy
+T,g, (s)ez(h )sinhx\/ﬂz 14+ p/K,+q’s*]cos syds (73)

The formula of inverse Laplace transform'” is given by



1 et ot p* S pt p*
SO == [ " (pdp =) Resle” 1(p), p]
i=1
1 N-1
Res . z— z 74
Lf(p)]= V- 1), d”‘( p)" 1) (74)
where p; is a pole of order N.
Since the hyperbolic sine function is represented by
el — o
sinhif = =isin@ (75)

the first order pole of denominator of Eq. (73) is obtained

from

sinh B/ 4+ p, | K, + s> =0 (76)
as

p, = —Iq,[(mz/h)2 + qzs2 +ﬂz /4] (n=0,1,2,---) (77)
We introduce following non-dimensional variables
X=x/hy=y/h B=BhT=kt!h, Kcop,=ry 5 =sh,,
T=(-T,)/(T,~T,) (78)

where T} is a reference temperature.
By using the inverse Laplace transform, the exact temperature

which satisfies the boundary conditions is obtained

1
sinh \/52 /4+q¢°5"

B =
x{T,g,(s)e > sinh[(1-X)}B°/4+¢°5"]
L - 22 2—2 —=
2 sinh[x+/f°/4+qs" ]}coss yds

n(=)"
,,l,b’ /4+qs +n

TE%y) =T+

0

+T,g,(5)e

P

exp[—(ﬁ2 [4+q’s* +n’n*)t]

><{Tga<s)e2 sin[( 1-x)nz]+7T, gb(s)e a sin(n;rf)}cos@ds_ (79)

For specific boundary conditions shown in Eq. (18), the

exact temperature (79) becomes

<2
s

A% cwT [ p2 2—=2
200 osinhxy 7 /4+q°s"

— e “7 coss yds
" sinhyB’/4+4’5

T(X,7,7)=
+2\/7.[

4.2 Thermal conductivities with arbitrary functions

1
—F—¢€
\N7a
ﬁ2/4+(q2+%)§2+n2”2 7
4a

n(-1)"sinnzx cosysds (80)

=5 55°¢
ﬂ [4+5°¢* +n’n’

of x

Let’s consider two-dimensional transient heat conduction

problems of FGOM without internal heat generation. We

0 360

introduce the following non-dimensional variables
x=x/h n=y=ylhc(X)=c

l (X)=4.(x)/ 2

(W6 pE)=p W) gy & @)=k ()5

(X =2, (X)) Ay T =Kyt | (81)

w05 My
where x(x) is the thermal diffusivity, cy, pg, K¢, 4,0, 4,0 are
material constants, / is the thickness of the strip.

Introducing new variable &

e=[)

1

dx
NEE) *2
the heat conduction equation (4) becomes
O 3T dne@POLE) o Ay A4 T
or o8 dg 0§ A, c(&)p(&) on’
By using the Laplace transform given by
I(p)=| f@erde (84)
Eq. (83) reduces to
8ZT: W In\e(§)p(§)A. (&) or” o _/1,\,‘(_5) 62T; pT =T (85)
0¢ dg 0 Ay c(8)p(8) on
By using the separation of variables
Tp &= SO (86)
we obtain
(L@ AEOPOLE) d@) o | A TORE),
de’ dé dé NG AE)
1 dzg(ﬂ) 2
=————F = 87
g dn’ ®n

where s is a separation constant.

Eq. (87) yields the following two ordinary differential

equations.
1) dne@POLE) df(©) |, Ao AL

a ~(pr—r= =) f(§)=0 (88)
dg dg dg Ao C(f)p(f)

ddg(zfl) T 5’%g(m) =0 (59)
When there is a relation between material properties

Ao AE 00

Ay TOPE)
Eq. (88) becomes

d’f(§) dln\/c(é‘)p(ﬁ)ﬁ &) df () i =0 O
g’ dg dg

Eq. (91) can be solved by using the perturbation technique



iln\/c(f)p(ez)/1 (&)= 5¢(§)7f(<f)=i 5" f"(E) (92)

dé =

The temperature in the Laplace domain becomes

T'(p.&.m)= %Tf Ao + By T 1Y 6 Ay e 4 B e

m=1

I )T sinh[p (¢~ 1€, + D)

£y 22 _ 22 kd 22 _ 22
+j-0 {4,e p+”"f+BOSe pﬂq¢+z 0"[4,.e pﬂqé#—Bme e

m=1

L () df’” l(g) sinthy/p +5°¢” (£ - ¢)dg]}(Csinps + Deosys)ds - (93)

\/p+s

We consider the following boundary conditions
T=T, +Taf g,(s)cossnds atx=0 (94)
T=T+ Tbj.: g,(s)cossnds at x=1[&= j(}l(l/«/:?(f))dfz ] (95)

The Laplace transforms of boundary conditions are

. T T (= _
T(p,0,m)=—"+ —"L g,(s)cossnds (96)
p b
" T T~ _
T (p,e,n)= ;l'i';b'[o g,(s)cossnds 97)

where g,(s) and g,(s) are given by Eq. (16) .

The solution which satisfies the boundary conditions becomes

T'(p.g, U):—T + [ | ———=T,g,(s)sinh\[p+5°¢"¢
psmh\/p+s 7’e

+1,8,(s)sinhy/p +5°¢" (6 = )]

» . 22 i -l
+25m[ smhﬂvp+sq 5 : r(ﬁ({)df (g)sinh 154 (e -O)de
pe \/p +5°¢" sinh\/p +5'q’e

0 dé'

\/p:szq JO¢§/ fm( sinhy/ p +57¢* (£ = £)d( ] |cosnsds  (98)

Performing the inverse Laplace transform for m=0, we obtain

the approximate temperature.

Tz, &m=T+ [7,Z, (s)sinh sqé

sinh sqge

+T g, (s)sinhsq(e — &)]cosnsds

e (n/ &)(-1)"
+2n2:1: J." (°q¢* +(nz / £))e

7,2, (s)sin =&
&
+7:1§a (S) sin nr (8 _ é)]e—[ﬂqu(nn/;)l]r cos TISdS (99)
&

For m=0 and 1, the approximate temperature is expressed in

the form

© 1 _ )
Ton (0 &M =T 4 [ — o B (S)sinh g2
+7,g,(s)sinhsq(e — &)]cos nsds

© (nr/ g)(-1)"

> _ . nm
*2; jﬂ [s°¢* +(nn /€)' )e [T”gb(s)smjsg

— . hr re2
+T,g, (s)sin— (& — &))e 7 cos psdis
&

© smhsqu
2 2 Jlo Slnh2 sqe J.O dé’ lIl C(g)p(g)ﬂ (g)

x {T,g, (s)[sinh sge + sinh sq(e —2)]
—T.8,(s)sinh2sq(s - £)}dd

smh sqe J.O _ln C(é‘)p(g)ﬂ (4’)

x{T,g,(s)[sinh s¢¢ + sinh s¢(¢ - 24)]

-T.g,(s)[sinhsq(& — &) +sinhsq(& + & = 20)]}dS ) cosnsds

N Z[M; I\ (OROLE)

s'q” +(n /&)1
(T8, (5)[sin =& + sin = (& — 20)]
& &
—Tuéa(S)[Sinﬂ(eg —&)+ Sinﬂ(f +&-20)]}dg
& &

"y sin(nzé/¢)  (nwle) -s'¢’
e [s°¢ +(nm ] e)' T e ' (nm /ey

(&) nmz)cosinze | &), i 4 JEOPOLD)

[s°¢> + (nz | &)°T d¢

+20(s°q> +n’n’ /&%)

[bgb(S)Sln—(f 20)-T.g, (S)Sln—(8 e

SR _Sinre[e) e zlm/c(g“)p(m ©

g [s°¢" +(nn /&) ]e

x{T,8,(s)l(e — 24)605%(8 —20)+()'¢]

2T g, (s)(e - §)cos—(£ {)}d{j (5% s(omley' 1o cosmsds (100)

We introduce another non-dimensional variables

. 5:eza,f:%,ﬁ:/3€ (101)
b

5
&

T
—>
&

’T:

—se, ;=1
&

where ¢ is defined by Eq. (95).
For specific boundary conditions shown in Eq. (18),

the approximate temperature (99) for m=0 reduces to

sinh sq§

T, E, 7 = cosn sds

T.E.7)= Tm |, e el
V4 n(-1)" s1nn7r§ e )SZMZ”Z]I

2, = —-—— = e cosipsds ~ (102)
E'[O nzzl" g +n'n’ g

g 370



The approximate temperature (100) for m=0, 1 is expressed in

the form

e | B . — esinhsgé =  __
T(7,E,n)= 1+=—(1- 2 ¢ 4 cosn sds
(7.E.m ==l T - Of, h e ¥ cosip s

L2, 220

N (Ut
n(-1)" sin n 4a __
%e cos7 sds (103)
sq

o

)

n=1

7. B
+2\/;[1+?(1—§)]j0

The temperatures for m=2, 3, ... are omitted here.

5. Results and discussions

Fig.2 shows the stereographic temperature distribution in

FGOP denoted by Eq. (23) in section 3.1 in the functionally

graded orthotropic strip (FGOS) for B =1.0, g=1.2.

m0.8-1.0

=0.6-0.8

®04-06

0.2-04

0.0-0.2

Fig.2 Stereographic temperature distribution in FGOP

Fig.3 shows the difference of temperature distributions
among HM (homogeneous materials), FGM and FGOM along

X -axis denoted by Eq. (23). Since the thermal conductivities
of FGM and FGOM become larger than that of HM for g =1,
the heat input of FGM and FGOM from the boundary x =1
become larger than that of HM. That is the reason why the
temperature of HM is the lowest in three materials. The
temperature of FGOM is lower than that of FGM since the
thermal conductivity along the ¥ -axis of FGOM is larger
than that of FGM for g=1.2.

0 380

2‘.\=)‘xﬂeﬁ" ’J‘I =’T“|'|:Jeﬂ"=
08 NS —HM
4 =y’ Axo _
0.0, ¢=1.0
0.6
T - - —FGM
0.4 f=1.0,4=1.0
0.2 wssenss FGOM
F=1.0,4=1.2
0.0

0.0 0.2 0.4 0.6 08 1.0

Fig.3 The difference of temperature distributions among HM, FGM
and FGOM along X -axis

Fig.4 shows the difference of temperature distributions
denoted by Eq. (23) among HM, FGM and FGOM along
v -axis at x =0.5. The temperature of FGM is the highest in

three materials for the same reason as Fig.3.

0.6
05 [ S
p=0.0,4=1.0
0.4
T
03 - = =FGM
The difference of temperature f=1.0,4=1.0
0.2 distributions between
HM, FGM and FGOM at FGOM
01 - =
=05 (a=1.0 -
! (@10) f=1.0,¢=1.2
0.0
0.0 0.1 02 _ 03 0.4 05
JI
Fig.4 The difference of temperature distributions among HM, FGM

and FGOM at X =( 5 along J -axis

Fig.5 shows the effect of the FGM parameter B on the

temperature distributions denoted by Eq. (23) at x =0.5 in

the FGOS. The temperatures increase with increasing of

parameter IE since the heat flow from the boundary ¥ =1

increases with increase of parameter g .



0.6
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_ 04
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0.2 The effect of the FGM parameter E . _—l 6
on the temperature distributions p=1.
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0.0

0.0 0.1 02 _ 03 0.4 0.5

=

Fig.5 The effect of the FGM parameter E on the temperature
distributions

Fig.6 shows the accuracy of the perturbation technique. The
exact temperature 7, is given in Eq. (23). The approximate
temperature 7, for =0 and 1 is given in Eq. (58) in section

3.4. The error ratio is defined by

T;pp - T;mcl
S e 100 [9)] (104)

exact

The maximum error ratio is 0.611 at x =0.8 and y =0.0.
The solution by the perturbation technique for the thermal
conductivities with arbitrary functions of X has high

accuracy even in two terms.
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1.0 Accuracy of the perturbation y=0.0
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Fig.6 Accuracy of the perturbation technique

Fig.7 shows the transient temperature distributions. The solid
line shows the steady part of exact temperature distribution
Texact sShown in Eq. (80) which is exactly the same as Eq. (23).
Other lines are approximate temperature Tapp shown in Eq.

(102) for m=0 along 7 -axis at §_ =0.5 with time. The error

ratio at 7 = 0.8 is about -20 %.
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Fig.7 The transient temperature distributions for m=0 at & =0.5 with
time

Fig.8 shows the transient temperature distributions given in
Eq. (103) for m=0, 1 along 7 -axis at §_=0.5 with time. The
solid line is the same as Fig.7. The error ratio given by Eq.
(104) at 7 =0.8 is about -0.13%. From the results of Fig.7

and Fig.8, we can say that adequate accuracy is assured by
adopting the first two terms in Eq. (98).

0.8
07 The transient temperature distributions == -0l
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Fig.8 The transient temperature distributions for m=0, 1 along 7
-axis at & =0.5 with time

Fig.9 shows the exact transient temperature distributions

given in Eq. (80) along 7 -axis at E =0.5 with time.
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at fzos (A’X:}“\Ue;&= 11:/1106'& -
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Fig.9 The exact transient temperature distributions along 77 -axis at
& =0.5 with time



6. Conclusions

[1] The two-dimensional steady heat conduction problems
for four types of thermal conductivities [ (1) lfixoep ",
Aoy g™, (2) A=A 0™, A=A e, (3) A=A 0(1+ax”),
/'Ly:/lyo(lﬂxxﬂ), (4) 2,71 .(x), 1,74 ,(x)] in FGOM are
discussed.

[2] The two-dimensional transient heat conduction problems
for two types of thermal conductivities [(1) c(x) p(x)=
copo”s Ay o, 2,708", (2) e=e(x), p=p(x), 2,7 (),
A,=4,(x)] in FGOM can be solved by Laplace transform,
the perturbation technique and transformation of

variables.
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Abstract

This paper describes the portability to Python from C language and their processing speed in the field of data

compression.Programming language, Python is used at lots of field in recent years. Various software libraries of statistical

analysis, image learning/recognition, artificial intelligence, multimedia and web development are made with Python as open

source, and Python is used widely as a newly developed language in 1990 's. However as for data compression, any major

library for studies doesn't seem to exist. A data compression software is offered to use finally in C language. Since program

in Python is easy to write and also easy to read its logic, as with other fields, in the field of data compression, at simulation

level, writing programs in Python is expected to improve the efficiency of work. The performance with Python compared

with C language are shown.
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#include <stdio.h>
#include <stdlib.h>
FILE *infile, *outfile; /¥ AAT7AIL, HAT7A
L *x/
unsigned long outcount = 0; /% HANAEEADILE */
static int getcount = 0, putcount = 8; /* Ewh A J1.%/
static unsigned bitbuf = 0; /% EvrAH /v T7 */
#define rightbits(n, x) ((x) & ((1U << (n)) = 1U))

/¥ x B nEvk x/

void error(char *message) /* Ayt—UFRRLIET */
{ fprintf(stderr,”¥n%s¥n” message);exit(EXIT_FAILURE); }

unsigned getbit(void) { /* 1 EbHRD */
if (——getcount >= 0) return (bitbuf >> getcount) & 1U;
getcount = 7; bitbuf = getc(infile);
return (bitbuf >> 7) & 1U;

unsigned getbits(int n) { /¥ n EWkERT */
unsighed x;
x = 0;
while (n > getcount) {
n —= getcount;
x |= rightbits(getcount, bitbuf) << n;
bitbuf = getc(infile); getcount = 8;

getcount —= n;
return x | rightbits(n, bitbuf >> getcount);

void putbit(unsigned bit) { /¥ 1 EYrEEH T */
putcount——;
if (bit '= 0) bitbuf |= (1 << putcount);
if (putcount == 0) {
if (putc(bitbuf, outfile) == EOF) error("ZITEEA");
bitbuf = 0; putcount = 8; outcount++;

}

void putbits(int n, unsigned x) { /*x n EFEEHT */
while (n >= putcount) {
n —= putcount;
bitbuf |= rightbits(putcount, x >> n);
if (putc(bitbuf, outfile) == EOF) error("ZE+EHEA");
bitbuf = OU; putcount = 8; outcount++;

putcount —= n;
bitbuf |= rightbits(n, x) << putcount;

Fig.1 CSiEOEy MW a7 A
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#coding:utf-8
# EHDER
WOPEN = “"wb
ROPEN = “rb”

# NAMELDOAH S
def getc(f):

¢ = f.read(1)

if ¢ == " return None

return ord(c) # ord) XF-HIE
def putc(f, x):

f.write(chr(x & Oxff)) # chr() H{E—-XF

# VIAER
class BitlO:
def __init__(self, name, mode):
if mode == “rb”:
self.ent = 0
elif mode == “wb”:
self.cnt = 8
else:

raise 'BitlO: file mode error’
self.mode = mode
self.file = open(name, mode)
self.buff = 0

def close(self):
if self.mode == “wb” and self.cnt < 8:
putc(self.file, self.buff)
self file.close()

# 1 bit input
def getbit(self):

self.ent -= 1

if self.cnt < 0:
self.buff = getc(self.file)
if self.buff is None: return None

self.ent = 7
return (self.buff >> self.cnt) & 1

# 1 bit output
def putbit(self, bit):
self.ent —= 1
if bit > 0: self.buff |= (1 << self.cnt)
if self.cnt == 0:
putc(self.file, self.buff)
self.buff = 0
self.cnt = 8

# n bits input
def getbits(self, n):
v=0

p=1<(n~-1)

while p > 0:
if self.getbit() == 1: v |= p
p>>=1

return v

# n bits output
def putbits(self, n, x):
p=1<(n~-1)
while p > 0:
self.putbit(p & x)

p>>=1
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A Modeling and Simulation Method for Large-Scale Systems
Using Scene Transition Nets (STNs)

Takeshi Tateyama

(Received September 30, 2016)

Abstract

Simulation is an effective technique for verifying the behavior of complex systems such as manufacturing systems

and chemical plant systems. However, many complex industrial systems are actually combinations of both continuous

systems and discrete-event systems and are called“descrete-continuous hybrid systems.“Hence, it is difficult to model and

simulate such systems by using only the modeling methods applicable to continuous systems or those used discrete-event

systems. Kawata et al. have proposed scene transition nets (STN) as graphical modeling and simulation tools for discrete-

continuous hybrid systems. The STN is one of the effective modeling methods for large-acale and complex systems. This

paper describes an outline and several examples of the applications of the STN.
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