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Abstract

This paper presents path tracking algorithm incorporate localization correction mechanism based
a planned path. The existed odometer cumulative error problems can be solved by fusing the odometer
readings and localization results. For path planning, we apply the D* Lite algorithm to determine an
optimal path and extend its use to multi-robot path planning, where other robots are viewed as
obstacles to be avoided. A MySQL server is used to integrate information obtained from odometer
readings and localization results by a Monte Carlo Localization (MCL) algorithm to reduce the
loading of the robots so that they can concentrate on sensing the environment. As for path tracking,
the paper uses backstopping method to design a kinematic controller where the planned path is
considered as a reference signal. Experimental results show that the proposed method can control the

robot to move along the planned path with good agreement.

Keywords: Multi-robot system, D* lite algorithm, Monte Carlo Localization (MCL), path tracking

control.
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1 -21cm  -09cm Ocm -1.2cm  0Ocm -2¢cm

2 22cm  -llcm -23cm  -2cm -2cm lcm

3 25cm  -12cm -21lcm -2cm -1cm -3cm
4 -3cm -1cm -1.1cm -lcm -1cm -2.8cm
5 05cm  -2cm -05cm  -1.8cm  -5cm 0cm

6 -09cm Ocm -l1cm 0cm -19cm  -2.7cm
7 -1.7cm  -1.5cm  -12cm Ocm -05cm  Ocm
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11 -25cm  -22cm  -19cm  -2cm lcm -0.9cm
12 -lcm -1.5cm  -lcm -2cm -35cm  -3cm

16



PHS KT £
DOI: 10.6232/JTEE.201706_48(1).0001

L2 BEABBER VY y S v L B £

2017 » 48(1) » 1-24

-0.7

\

-11

X 75 [6) 3% % (cm)

-12

-1.3

14

# b7
100 110 120 130 140 150
H AN mm/s mm/s mm/s mm/s mm/s mm/s
1 lcm -0.3cm  1lcm 0.3cm Ocm 0Ocm
2 lcm 0.7cm 05cm 1.3cm lcm -1cm
3 0Ocm 0.7cm Ocm 1.3cm Ocm -1.5cm
4 lcm -0.3cm  1lcm 0.3cm -lcm -4 cm
5 lcm 0.7cm Ocm -0.7cm  -1cm -1cm
6 lcm 1.7cm  0Ocm 0.3cm -4cm -2¢cm
7 lcm 1.7cm 05cm -0.7 lcm -2¢cm
8 0cm 1.7cm  2cm 1.3cm lcm -1cm
9 2cm 0.7cm 15cm 13cm Ocm -lcm
10 15cm  1.7cm Ocm 03cm 05cm -2cm
11 lcm 0.7cm -1cm 1.3cm 1.5cm -1cm
12 lcm 0.7cm 2cm 1.3cm Ocm -1.5¢cm
0sN T -0.75 N T A —
,.0.9583 ( Y y
\ 08667 | /
1 A 0.625 | 0.6333
\71./2917 113083 £ L, -0.0833
—1.3583 j >
Y 13833 4 4083
ﬁg 1
-15 \
b 100 105 110 115 1;2%23\ " §7]1;2355 (mrﬁ:ec) 135 140 145 150 h 100 105 110 115 %%1;3\ ﬁginlgfg (mi?gec) 135 140 145 150
(@) (b)

B8 -WBEABTERE XYy » TI0FEE Qx> » TFiL (b)ysh> » TI0EL

17



PEEERTET 2017 » 48(1) » 1-24

DOI: 10.6232/JTEE.201706_48(1).0001
AEHEPEA PR > MEL EBA L2 B RARL By 0 BB AKH DA
3t D*Lite ;7 2 72 RRF T A I P B AL FRP0 AR B B9 L EFEP B L R

PR

WO~ 3w is F 4 i % H

AR SR TR R d FEEARY] Y ehk 2R S =5pixel © 8 E A LAt gk S
#cy=2000 " 2 LT y=5pixel  BILEHBITFIE Y # B & H = opixel 7k OIER
p=55.24mm » FFFipdliz ¢ dho RipE S E E L 58 B B RA|E P g =57928 ~ a, =30.0028 *
o, =51.0172 » # 5* 3] 1% P~ ¢, =5.2602 ~ @, =0.0885 ~ @, =56.2783 14 % $hi# "LV, =450mm/s ° §] 10
LB AR H PR T B o B 11 2 B 13 4 9k 7 Robot#1 % Robot#2 1§ "4 # = i+
% 6> 2o o 3t Robot#l 7 Robot#2 — B 4o i B4 I pF - 20 B0 FIERE B #

e

W
e
é\-\

TR ORTRGF U AFBEAS B OE TR > Fla FR- BeanEL < o ¥ b Robot#2

17,

FHEPTFRE T RFR LR TR RN i Tl R ERP

}kr

poa I
o it RODOWL { 4e B feac e A heed 2 d > AT XRTF RE LB FS
LRGPP E SR > VRN G OAFER A Sk R FHE e -

B 12 2 @] 14 ~ %%+ Robot#1 2 Robot #2 4% # i & &2 & & & -

18



Pl ERT & 2017 » 48(1) » 1-24
DOI: 10.6232/JTEE.201706_48(1).0001

2000 -
Robot #1 4=2
or \ -=--- Robot #1 £ B dndr
— HRobul 42 #5 B fndn
2000 +
4000 + \
Robot #2 '
==
E oo :
|
10000 - |
|
+ao0s |- ‘ Robot #1 * 8t
18002 |-
N Robot #2 4= gL
-13000 L

2 L L L '
-2000 K 2000 4000 6000 B0 19000 12000
x (rmem)

B 10 ~ 3 0 48 B L 6 fLpn

r -
L 2
-
-
Ei i
Nz
“ " - » - - o :
Time (sec)

(@) (b)

— iR

A “ - - " . .

Time (sec)

(©)

B 11 ~ Robot #1 «hg %4 = 8 ¥ 6> = (a) X his B it () y b & (C) #H & B
19



FHE KT 8 2017 » 48(1) » 1-24
DOI: 10.6232/JTEE.201706_48(1).0001

;._ e N E -
h Tim; (sec) - ’ - ; h i Tim; (sec)
(a) (b)
B 12 -Robot#l s did R 428 (3 2R V(D) R o

|

N—wrnx] |z

"

==

- ) Tmee) A e S T
() (b)
W SR mER
_.'!;".

Time (sec)

(©)

Bl 13 - RobOt #2 ch3 %43 85 % 82 54 6= = (a) X $oh 2 p18% (D) y hofs 8 Fui



FHE KT 8 2017 » 48(1) » 1-24
DOI: 10.6232/JTEE.201706_48(1).0001

)

o i
1 AL

’
el (deg! sech

: Time (sec). ' : z z ; Time (sec)‘
(a) (b)
B 14 ~ Robot#2 s did R r b ¢ & (@) A V(D) 44 o

Lx

AR Y o APELPE AR N Y R s BRI R R AR
BT PEEREFE T RTEE IR TS Z A L RA S SRR L
EBE AR TR EROBE ot A PE T f R RS MySQL RIRE - L ik
BAFT MDY o U FEEAZ R o e HhE - SR RALH U
BAGREY > R - FEaEE RS AR RS BRI FRPFAREEEES S

~

RS R N RY S SCHRAPBEA RN FESRES . F S SR EA T PRI B E
Led

PHTSE S S B Rk T BRI BRI R B B B s S

,4

%16 MySQL R B 9 4k g chie B > 304 I B AL PR T o AR KPRt 2 6 0 A

D@ s B @R RE S A RS

21



FHE KT 8 2017 » 48(1) » 1-24
DOI: 10.6232/JTEE.201706_48(1).0001

54 %

Al-Mutib, K., AlSulaiman, M., & Mattar, E. (2011). D* lite based real-time multi-agent path planning
in dynamic environments. 2011 Third International Conference on Computational Intelligence,
170-174.

Antonini, P., Ippoliti, G., & Longhi, S. (2006). Learning control of mobile robots using a
multiprocessor system. Control Engineering Practice, 14, 1279-1295.

Arulampalam, M. S., Maskell, S., Gordon, N., & Clapp, T. (2002). A tutorial on particle filters for
online nonlinear/non-gaussian bayesian tracking. IEEE Trans. on Signal Processing, 50(2), 174-
188.
Chen, C.-Y., Li, T.-H., Yeh, Y.-C., & Chang, C.-C. (2009). Design and implementation of an adaptive
sliding-mode dynamic controller for wheeled mobile robots. Mechatronics, 19(2), 156-166.
Chien, Y.-H., Wang, W.-Y., & Leu, Y.-G. (2015). On-line hybrid intelligent tracking control for a
class of nonaffine multivariable systems. International Journal of Fuzzy Systems, 17(1), 39-52.

Chien, Y.-H., Wang, W.-Y., Li, I-H., Lian, K.-Y., & Lee, T.-T. (2012). Hybrid intelligent output-
feedback control for trajectory tracking of uncertain nonlinear multivariable dynamical systems.
International Journal of Fuzzy Systems, 14(1), 141-153.

Conkur, E. S. (2005). Path planning using potential fields for highly redundant manipulators. Robotics
and Autonomous Systems, 52(2-3), 209-228.

Das T., & Kar, I. N. (2006). Design and implementation of an adaptive fuzzy logic based controller
for wheeled mobile robots. IEEE Trans. on Control Systems Technology, 14(3), 501-510.

De La Cruz C. C., & Carelli, R., (2006). Dynamic modeling and centralized formation control of
mobile robots. 32th Annual Conference of the IEEE Industrial Electronics Society, 3880-3885.

Dellaert, F., Fox, D., Burgard, W., & Thrun, S. (1999). Monte Carlo localization for mobile robots.
IEEE International Conference on Robotics and Automation, 1322-1328.

Drawil, N. M., Amar, H. M., & Basir, O. A. (2013). GPS localization accuracy classification: A

22



FHE KT 8 2017 » 48(1) » 1-24
DOI: 10.6232/JTEE.201706_48(1).0001

context-based approach. IEEE Trans. on Intelligent Transportation Systems, 14(1), 262-273.

Ferguson, D., & Stentz, A. (2005). The delayed D* algorithm for efficient path replanning. 2005
IEEE International Conference on Robotics and Automation, 2045-2050.

Fierro, R., & Lewis, F. L. (1995). Control of a nonholonomic mobile robot: Backstepping kinematics
into dynamics. 34th Conference on Decision and Control, 3805-3810.

Fox, D., Burgard, W., & Thrun, S. (1999). Markov localization for mobile robots in dynamic
environments. Journal of Artificial Intelligence Research, 11, 391-427.

Ge, S. S., & Cui, Y. J. (2002). Dynamic motion planning for mobile robots using potential field
method. Autonomous Robots, 13(3), 207-222.

Hart, P. E., Nilsson, N. J., & Raphael, B. (1968). A formal basis for the heuristic determination of
minimum cost paths. IEEE Trans. on Systems Science and Cybernetics, 4(2), 100-107.

Ho, Y. C., & Lee, R. (2001). A Bayesian approach to problems in stochastic estimation and control.
IEEE Trans. on Automatic Control, 9(4), 333-339.

Kalman, R. E. (1960). A new approach to linear filtering and prediction problems. Journal of Basic
Engineering, 82(1), 35-45.

Kao, Y.-F., Chien, Y.-H., Li, I-H., Wang, W.-Y., & Lee, T.-T. (2013). Design and implementation of
adaptive dynamic controllers for wheeled mobile robots. IEEE International Conference on
System Science and Engineering, 195-199.

Koenig, S., & Likhachev, M. (2005). Fast replanning for navigation in unknown terrain. IEEE Trans.
on Robotics, 21(3), 354-363.

Li, I-H., Chen, M.-C., Wang, W.-Y ., Su, S.-F., & Lai, T.-W. (2014). Mobile robot self-localization
system using single webcam distance measurement technology in indoor environments. Sensors,
14(2), 2089-2109.

Li, Y., Wang, Z., & Zhu, L. (2010). Adaptive neural network PID sliding mode dynamic control of
nonholonomic mobile robot. 2010 IEEE International Conference on Information and

Automation, 753-757.
23



FHE KT 8 2017 » 48(1) » 1-24
DOI: 10.6232/JTEE.201706_48(1).0001

Martins, F. N., Celeste, W. C., Carelli, R., Sarcinelli-Filho, M., & Bastos-Filho, T. F. (2008). An
adaptive dynamic controller for autonomous mobile robot trajectory tracking. Control
Engineering Practice, 16, 1354-1363.

Paull, L., Saeedi, S., Seto, M., & Li, H. (2014). AUV navigation and localization: A review. IEEE
Journal of Oceanic Engineering, 39(1), 131-149.

Pencheva, T., Atanassov, K., & Shannon, A. (2009). Modelling of a stochastic universal sampling
selection operator in genetic algorithms using generalized nets. 10th Int. Workshop on
Generalized Nets, 1-7.

Rashid, A. T., Frasca, M., Ali, A. A., Rizzo, A., & Fortuna, L. (2015). Multi-robot localization and
orientation estimation using robotic cluster matching algorithm. Robotics and Autonomous
Systems, 63(1), 108-121.

Rodriguez-Araudjo, J., Rodriguez-Andina, J. J., Farifia, J., & Chow, M.-Y. (2014). Field-
programmable system-on-chip for localization of UGVs in an indoor ispace. IEEE Trans. on
Industrial Informatics, 10(2), 1033-1043.

Shim, J.-H., & Cho, Y.-1. (2015). A mobile robot localization using external surveillance cameras at
indoor. Procedia Computer Science, 56, 502-507.

Wang, C., et al. (2015). Path planning of automated guided vehicles based on improved A-star
algorithm. 2015 IEEE International Conference on Information and Automation, 2071-2076.

Wang, L. X., & Mendel, J. M. (1992). Fuzzy basis functions, universal approximation, and orthogonal

least squares learning. IEEE Trans. on Neural Networks, 3(5), 807-814.

24



FHE KT 8 2017 » 48(1) » 25-40
DOI: 10.6232/JTEE.201706_48(1).0002

FRIEZIRAZZEAPCOF IR
An Adaptive Lighting System Based on the Distance between

Light Sources and Users

M % 2> ! (Hsin-Chuan Chen) ~ 2t #*2 (Chen-Chien Hsu) -~ i % 3 (Chun-Hsien Chen) -
iz 2 3¢ 3 (Chih-Wei Liang) ~ +x#z 1§ ° (Cheng-Ju Lin)
AR EREFER 45 (School of Information Technology, Beijing Institute of
Technology, Zhuhai)
‘W LA 8 T4 429 & (Department of Electrical Engineering, National Taiwan

Normal University)

ST HELE T3 14k (Department of Electronic Engineering, St. John’s University)

BE

REBERE GRS PR LRI FPRPBELONRAAY  FRE-AE

F_

EAAL e - BF 0 P R R RREP S £ F LRS- FRRG AL B G

FFESAREES SRR bl R AREER B A WA (PIR) R - &k

7

R REA AR E R p U BARERREE Wi %"" AFATRE o A ErdrEE R E L

=

R TER TR EUIE S LIRS FA S

i

EPIR @RZALF AR BRRZ EE DR
Rip#l 4§ A MAR BFERPMBH L TREE & A WG 8 B et RipH 3 8 R R -
B FEFARMCET I A FEABERPBHR TEF LR o F s AERT
REEPFONRFEAMATF O aA3SE 5 ORP AR > NE s Rp 2 FE

gy enE ok ) s LR B Rded (FHYTaE 2 RR o

Mat: I CH AR R B AR AR AR AR AR

25



FHE KT 8 2017 » 48(1) » 25-40
DOI: 10.6232/JTEE.201706_48(1).0002

Abstract

In the era calling for energy saving and carbon reduction, how to reduce the energy dissipation
from the residential and commercial lighting systems becomes an important issue. Apart from
daytime illumination, the power consumption of the nighttime illuminating stairs can’t be ignored
either. Many kinds of sensors are embedded into various lighting devices such as infrared sensor,
passive infrared detector, microwave sensor, and so on. However, these sensors can only be
triggered when people approach them; thus, they are unsuitable for being used as guiding
illuminations in stairs. To adjust the brightness of illuminations, we try to combine PIR sensors with
ultrasonic sensors. When people approach the sensing field, the lighting system can adjust the
brightness according to the sensor measurements. In addition, if someone is lingering outsides, the
camera will be turned on to capture images and warn the house owner at the same time. Therefore,
our design can adjust appropriate brightness according to where the person is located. It not only
can be the guiding illumination but intelligent energy-saving device; meanwhile, it can also tighten

the security of houses and work-spaces.

Keywords: Infrared sensor, passive infrared sensor (PIR), microwave sensor.
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ABSTRACT

This study was to examine how modular teaching aids influenced different learners’ engineering
concepts. This also served as a reference for schools to promote engineering education. The research
subjects of this study were ten classes of eleventh graders from a Taipei Municipal Senior High School.
They totaled 417 people with 209 people as an experimental group and 208 people as a control group.

The major research method was characterized by a quasi-experimental research design and a
pre-post-test design. The research tools and instruments included the modular teaching aids-oriented
instructional units—mechanical beasts, worksheets, and Engineering Concept Test. Concerning the
analysis of the research data, this study utilized SPSS Statistics 20.0 for Windows not only to calculate
the average and standard deviation but also to perform one-way ANCOVA and two-way ANCOVA.

The major research findings were: (1) the modular teaching aids assisted the students
significantly better in learning engineering concepts than the traditional teaching modes; (2) the
application of the modular teaching aids exerted no significant impact on the students’ learning of
both constraint concepts and optimization concepts in engineering; (3) the modular teaching aids were
more conducive to approximately forty percent of the students’ learning of predictive analysis

concepts in engineering than the traditional teaching modes.

Keywords: teaching aids, modular teaching aids, engineering concept
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Abstract

The study aimed at the correlations between the technology creativity process which consists
of plan, analysis, manufacture, fabrication, test and the product creativity which consists of shape,
material, and function.

Participants in the study are 157 junior high school students including 86 boys and 71 girls.
The technology creative process is recorded by worksheets in the activity and then analyze the
creativity in the products. By evaluating both of the worksheets and the product, the subsequent
correlational analyses revealed that : (1) A positive correlation was statisticed between
technology creativity process and product creativity. (2) The high-scored group in technology
creativity process performed better on the function of the product creativity. (3) The high-scored
group in product creativity performed better on every step of the technology creativity process.

Based on the findings in this study, suggestions of instruction strategies are discussed as well.

Keywords : creativity process, technology creativity process, product creativity
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TEAy mp 6615.919 146 45.315 1>3

230 7653.439 148

R 307.730 2 153.865 9.994* 1>2
wAH 2201.597 143 15.396 1>3

23 2509.327 145

w 563.559 2 281.780 13.141* 1>2
HlicmE  wmp 2937.687 137 21.443 1>3

23 3501.247 139

wm 226.769 2 113.384 12.049% 152
HARE mp 1270.365 135 9.410 1>3

-l 1497.134 137

o [ 10865.920 2 5432.960 19.922* 152
an wp 40361529 148 272.713 1>3

23 51227.450 150 2>3

* p<.05
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A RAR LB W e REA S B o RS A 27%2 ¢ 46%A 4
CE O HPARMLEREBREAS S RE I HBEA AR LA B RS

PP RETETRS APRATLEREBFEDLI RIS R EFOLE o

26 PHEALFRNZAES » 0 H T R R it

e df Lol F fe & 47

2R 611.971 2 305.985 6.344* 1>3
[t Y Ep 7041.468 146 48.229

E 7653.439 148

R 193.259 2 96.629 5.966* 1>3
B i ap 2316.068 143 16.196

Eul 2509.327 145

R 424173 2 212.087 0.443* 1>3
BTk ap 3077.074 137 22.460 2>3

Eul 3501.247 139

kR 355.363 2 177.681 21.009* 1>3
# 5 PR Zp 1141.771 135 8.458 2>3

i 1497.134 137

kR 8961.238 2 4480.619 15.689* 1>2
B ap 42266.212 148 285.583 1>3

E 51227.450 150 2>3

27 PEALFRANEE S & 2 H 53 %8 o it

T2 e df EFCEE F 5447
R 1013.357 2 506.679 11.141* 1>2
FEARG mp 6640.082 146 45.480 1>3
ES LS 7653.439 148
R 304.847 2 152.424 9.887* 1>2
wEAHE mp 2204.480 143 15.416 1>3
230 2509.327 145
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KR 576.224 2 288.112 13.494* 1>2
PR B 2925.023 137 21.351 1>3
S 3501.247 139
KER 213.239 2 106.620 11.211* 1>2
AR e 1283.895 135 9.510 1>3
30 1497.134 137 2>3
o 8666.103 2 4333.052 15.067 1>2
A o A 42561.346 148 287.577 1>3
23 51227.450 150
* p<.05
8 PR AN FA L E FF %R HL T
T3 e df T ax F ERERAR
o 695.049 2 347.524 7.292* 1>3
e 543 @ P 6958.390 146 47.660
23 7653.439 148
o fF 183.211 2 91.606 5.632* 1>3
Bl B 2326.116 143 16.267
23 2509.327 145
w [ 280.722 2 140.361 5.971* 1>3
LIRIR S e 3220.525 137 23.507 2>3
R 3501.247 139
o [ 235.330 2 117.665 12.589* 1>3
i Rl RN 1261.804 135 9.347 2>3
e 1497.134 137
o 6646.672 2 3323.336 11.033 1>3
B LR 44580.777 148 301.221 2>3
230 51227.450 150
* p<.05
d 2

6278 2447 T UHHE L A SAL ARG » kp RGP RYLE

LMo mmAd 3

L FF

I~ H# AR e R FTTREF YR RF PRI A

85



PHE 1 ERT 8 2017 » 48(1) » 69-109
DOI: 10.6232/JTEE.201706_48(1).0004

CHEPAAFREE AR ZLEFR

PIFLB AR AR A A s R Bed 2% A el F A (1) 46% A i P

I

e

(22) 2 1 2%~ i M e (e 3) ¥ v scheffe i i¥% {2 4 45 (post hoc) -

i 9 B%FR AFA AL L AEZ ANOVA 2477 » R Ba @A e s ¥ L
B TPEALFERZF ML 0 BERP ALY @A RS e TF G A8
THEAH - EFERFLRAZ AT VR AT - EaF L A SR IR
PH2FERY TREIZELF B G > MR FA D L RO L) &

A5 m HALFR S IO AR E TR T e hE 2 E T HE A
(RO S E S S

ARV RS GEBEREATALEVR B L ErHA R AR E R EEY

£ B (F=3.454>F=3.320 > p<.05) -

29 ASALE FT R A

T2 e Df Ty F 5445

wr 9.789 2 4.894 2.074
#3) R 290.211 123 2.359

230 300.000 125

B 9.717 2 4.858 2.394
P R 249.561 123 2.029

230 250.278 125

B 16.494 2 8.247 3.454* 1>3
10 R 293.665 123 2.388

230 310.159 125

B 318.769 2 159.384 3.320* 1>3
B R 5905.366 123 48.011

230 6224.135 125

* p<.05
R ERB @A RBAE P BEE KA RN d 4 10 2 BEET 0 i
B s i 2 A Rl E K8 (F=3.005 0 F=4.222 » F=3.789 » F=4.491 » p<.05) » ‘&% 4

19

SR > B A e td A}?fr?i@f&jﬁ E&*F‘—:*‘;;L—g °
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%10 A &AIR M ITEARGE L 2w H TS %R s i

T e Df Tprs o F (s A 4

o 13.975 2 6.988 3.005* 1>3
% ) wp 286.025 123 2.325

ES L 300.000 125

o 16.656 2 8.328 4.220% 1>3
H wp 242,622 123 1.973

ES L 259.278 125

o 17.999 2 8.999 3.789* 1>3
1 i wp 292.160 123 2.375

ES L 310.159 125

w 462.860 2 231.430 4.941* 1>3
X wp 5761275 123 46.840

ES L 6224135 125

MR AFZELS S AR ALE N B Z WAoo e d £ 11 2 2% KT ’ﬂfﬁ 3
AP @t R R T ERF R TRV RS A2 Rl R
BRAEE MAEE o d MR APHELED PLAFERT AR APk B2 6
TRV AREDARI I AP REDLE T AF iR A2 0E 338

A PR THLEAEIREFAEDRF] Ham Y TR AT A e 1 82 g
B REF T (TR S R P8 2 4e1 2 501 f%i%i’lﬁ%‘uﬁﬂ‘i“tl ’
S Fe BN egpl TR B AR I MG RE (ot A ET ) A

(4o @ B4R ) 54 o
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211 ARAIR MR A AT E L & 08 5+ %8 a7

T e Df Tz 5 A
o FF 13.493 2 6.746 2.896
3] ER 286.507 123 2.329
E-l 300.000 125
o FF 15.048 2 7.524 3.789* 1>3
i Jo g 244.229 123 1.986
E-l 259.278 125
o R 6.214 2 3.107 1.257
1 i B 303.945 123 2471
Enpdl 310.159 125
o R 379.843 2 189.922 3.997* 1>3
B o p 5844.292 123 47.515
Engdl 6224.135 125
* p<.05

WRiFERE2 B o AR L E NP REE MBS o) A 122 25T ‘f‘fé‘ll‘l #

>
Raty
9

P R2ZFZRTERFRE - SEIRV RS BLAEHEB EAMR BN 2R
ArFTRFDLE AR A L AMP KRG WITe KRR D D FEAITE R
R TR/ DAL AT L AERF L E2Z RF] Va4 A rp R 4

P4l 2 e TG A o
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212 ARAIR T e XA L w8 55 %1 a7

T e Df Tz 5 A
o FF 14.664 2 7.332 3.161
3] ER 285.336 123 2.320
E-l 300.000 125
o FF 23.558 2 11.779 6.146* 1>2
i Jo g 235.719 123 1.916 1>3
-l 259.278 125
o R 25.011 2 12.506 5.394* 1>2
1 i B 285.148 123 2.318 1>3
Enpdl 310.159 125
o R 639.645 2 319.823 7.044* 1>2
B dop 5584.490 123 45.402 1>3
Engdl 6224.135 125
* p<.05

MFHRPRRELELS L FLE NP FEE Mo od 2132850 A R 2
TRy AEHFLR cd N H R RBHE RN RS ERE AT
BOiRT o HHBEAITR L L RELG  Jp T LR A EEd L
B HEVRE et o 2 RN A SR 0 RIFH L Rt d ¥ A g ok

3 -
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# 13 A&AIR MR ELS L LH TS BT

2017 » 48(1) » 69-109

T e df TyprsF {5 A4
o 8.345 2 4.173 1.760
7 o 291.655 123 2.371
ES 4 300.000 125
Gl .583 2 291 139
ik o 258.695 123 2.103
ES 4 259.278 125
o 2.060 2 1.030 A1
i B 308.098 123 2.505
Eg 4 310.159 125
o 83.265 2 41.633 .834
B a2 p 6140.870 123 49.926
Eg 4 6224.135 125
* p<.05
o~ FEHH
FEBEFTHAFAITEER O RN HAT

(=) FHAUAEREBELARFTASLILAIY
AT 2
RIL T APM - LARRE 2 F o 3

TLAP B AR 1K o

DR LR VER B4 LAY TERRT XA
oo A A Refp M et o LA L)ﬁﬁip%ﬁlf‘%"“ﬁ“?f
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ﬁ:ﬁﬁix%%mﬁ%% R (VR Sy TR Sk SR LTS RS
BB RARNIRA 0 KB kD A B TR R RS
Frad o PHRALEEFASHLS 27 F - Lt - #Ek
Wallas (1926) (5! p Plsek, 1996) # J12_ £ & FA2H:S » B # PP ch i THRRME BB
RFE G EEARRIRGHATASORL 2 HI AS SR S R RS o TR
PIEE S pgmpAEs Yiv) > BRAFAE LOF R4 > PRERSKFEUTE EFE
4 & (B0 2005) 0 e fEA SR E AP F R4 0 HiLe § FL - BRI

® % ¥ % (Jang, Yoon, Lee, & Kim, 2009 ) -

(Z) PHAUAIFRF A LGRS L BR 2 JL L HEFLE
PHALFRRS DF ML A AL EPRZZEE LT > G AR
FAEPIEERE ) AR EEE kg (F=3454>p<05) > 5% s st 27
BafriMs e Too gk EEFLR o PHALFRLS OF MAE S HAE SRR
AEBRPB I EKE (F=33200p<05) ST RAY 0 B A BFIEA B o B
$oRi-Tgow £F (2000) wHEA g ¢ ardpd T E S ALIRHERRF LT R 0

N N AL TR T S T o e S.F MR PV

Ashby 7% T Material selection dpdi BT R B A R fWiTaiE

A2 0 AP ik g AL ense 1 42 (2005 0 31 p Chang & Tomovic, 2006 ) - +# % ## (2005) =

TR R ARG A SR PRI R LT Y Y R0 3 BT RS L
B AR S0 o g (2008) SR AN BAPHAITE Alr S

BIATERNA 5L € enh A > B HAIZTLBG L R Y 4 A o A A SpIATRI b Y 4
I oo d 1+£ﬂw?.§fr,ﬁ§%£ %ﬁ”?{?’ﬁ—ﬁ—gj&- é_&ﬁ.]%‘r& Lend g o
FUITERL|E L 2 F Al:\,.“:P_’fr'f‘ﬁA},f‘:P_’L‘L Al s HALE W i §E¥’ki? ;IR

PR AR F A A B AR B R R A S § A B
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M~ B A ‘B'fr't" otz da P EHEFRE s p@E@E@esse ey A

EREFRE

(Z) AFAIAREA B PBHLIAFRLIR T HEFLR

BA R OPBA LR 0 F A RATRRE RF A Wi g SRR
PEECR @A e B & menig A 4 ¥ £ 8 (F=11.448 ~ F=9.994 - F=13.141 - F12.049 -
F=19.922 > p<05) c 135503 % % » A FAIR L B A EDE 2 > A PHA L FRDLR
MERNEW - 2k g o

AFAL AR B2 Moe2 B4 AHHLAERLIRAERFLE > fpHAF
A AWERE J I jpp Al s kg aits 5 2 Beghetto(2005)4y & o FEF s TR
Fe ) ARFE S S RFREI A b RRRRE L DURP 5 0 3 BB e &
kAT E R NS A AR - 5 F L R AT A ¢ e
B(HPAAFEFT2006) Fpt 5 AFER AR 0 ARRKT RS ER S EApg R

i o

L B AEE
- S} B
(- ) B2 PHLLFRIRLGE > ASLLEA 43

AT SR PHATFERTTEASAIL G RO o PRALFARS Ko

o

BHEARLR VR AT R AW I A EAFHTLE -
FLEPHALFRLEADLRGEE - §2F A EASPLDERGH - 10l

B RE R ERRA A AR RE LML Bt
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(Z) FHATFRZ L L2 SAL 202 EP F o 3 REDEIR
PHAIRFARE AL 2807 BF Piph » A EQ01L)gw g a4 dh > WP 2
AT IR FEREEL B i o A R SRR AR EAE A > A
BEFRE a2 82 Y REEF RS A5 T SHEAHLLFER T4 b
REL Y FHEFOLE od LR PSR EY By B2 P BALFREORTE
o A A A (BB ) > AR A TRNE S P T Bai
Pk 0 SR H(2008) 7 4 Ay 0 WP 2 PR ATIRAS T TR nl ) R

B R EREARREAES > R A BRI AR 0 FRESN S o

(Z2) AFAIRBA L EPHADFAREGEY J RiEDEAR
AFTRTREHET  ASAILF MART > APPHARFRLRARL T K

AZRERFLE B ARRGEOESLLET R ERELRRGDPHLL AR -

T JR T

ERETER P B KA SR SRS L RE S RN RKEE ReT

(=) KEZRE LAz B R ANG F U

RFL 8w PHAATFERTTEASALT Y R > P i - Eodg 4 F iva 4
2R R B BB PHALERZ ARAL L AR d LY B AHEA - H
LR RN AU REA AR SR AR o R ERLFPEPK
34— X R4 Bo RN KEEBRF  REL (GRS B h- Ba e R
BB Rz Kyt s WirEa FARA - AR Z 55 5 LEFENZEAR

ER A RFALE ASAIR R RS A -
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(=) plRehZ R R ITR 4 232 %

A S AR HA R EREA AR AR o B A F AR a4 P
Atkinson (1999) AR A F ¥+ dgd - F4 gk > F R RS EWUG PR AT F £
LR FEd g PP e I GiFLad o FIP ARREL FEPLRER SR KE L
ALTHNZ PP FRAET L E£ M2 04 o bldoL 1 82 ki 52230
WAORAEAAYARLTTZRY E > AT ELR ARG AR AR 200k o

B 2 aF Y Pagar FU i giesg it gFEe > 3L LipHH

de oo SR ARM AT FUNR 2 4 TR RGDER o B B2 A EF (2006) + % & MR

L

BB e s AR R RIRE T Y TR AR(E - TR - MR R RN T A T 4E A AR
{ESRE > AN TR —EREN T % - AR AR B IE A RE 0 o i AL H &%
GIERIFTES -

Hoe g AR o PR gt L ALY > B2 RRER
ABERABES AR ERY FIAHT R IE > A R BAERS A e ERY
Sden@4E g M 2 gp 2 50 pR (Davies, 2000) - Boston Consulting Group 7= % i &3 11 4]
BB (S Bt P R AL 0 @ 2HART ) (Mahle, 2007) > Flpt A F 4 @ B A1 B
B4 0 ZARR AEl > AR { g R R LR

TR ARR TN 28R RUBFTWARPHRETLY » BFE BFLUGRE
Fih— FRA > @A FART A od K LEF AL Pendrahde w2 (Hardaker & Fozzard,
1997) « FIM iR E 4 AREF Y R RELAAIDL L L s Bl HE P HAILARZ A
SRIRARY  FREBOLE -

moAEREGE T L) SEL R > (RS2 AR L4 B ik
PR AORB TR R AT REBI L RFPEE P SAHI TR G e g
BeEra1lo agRLF OWIERIEDF RE4 > 2 EREP S R B RL

Fl\} pEI °
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(Z2) PHALFRZTAEF = 5E 54 FAL 2"

!

AFXRITHIPEE YD - 5 F A e Uk T 2 gAY (Flowers,
1998) o Gft B AL FALDR RS > KEFALE RF e RABDHJEFEE > 5 F L
2 R E PSR Rk ALl 338 (Hennessey & McCormick, 1994 - 31 g
Williams, P. J., 2000) « %5 2 2 FHE LR FAR > N F 2 AFRRLIHFET B8 WX
@’%Q%i%*%ﬁbﬁmﬁﬁ%%%’:ﬁé?ﬁ&ﬁ%ﬁ%%nﬁ%%iiw{’

ROERARA RNLL R ST R I A R BT T F 2 PR AR

Fhefrd SR eh S TG - nL 4 ol TR 0 B TR 2 S ko I L ph e B

(=) 2 PHYULFRTL 5T

AR AR S KT ORE A FARGEER IV ERFALL AR L T RLES
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(Spooner ~ Marc, 2002) - @ Denton (2005) f® A3 S ¥ 4pd 2 Kt 4 &speng 2 o
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I RN TR LE R E LA RN TS RS
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% (2003) - )i 4 7= -4P LB - 2008 £ 10 * 10 p > P~ 4
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o hm oo
Fad (2003) EAPHATFIRFIFELAL - R cFFF AT ERTFLTH
1 RAAR S Ao

MURiT (2005) £1R, ~ w3 ik o 4 B HKT 2 38(8) 0 57-72
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