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The Effect of Exclusive Pedestrian Phase on the Delay of Vehicle and Pedestrian

Student:Ho-Chun,Huang Advisor : Cherng-Chwan Hwang

National Chiao Tung University

Institute of Traffic and Transportation

The Exclusive Pedestrian Phase in signal design is to which provide pedestrians with
a short period of exclusive time of using an intersection. During the phase, pedestrians
can cross the intersection in all directions, even diagonally. Signal design with
Exclusive Pedestrian Phase can improve traffic safety, but on the other hand, it may
increase delay to the vehicles and pedestrians crossing the intersection. The objective of
this research is to study the effect on delay for vehicle and pedestrian with an Exclusive

Pedestrian Phase at a signalized intersection.

First, this research selects fourssignalized intersections with Exclusive Pedestrian
Phase in Taipei city as studying sites for field.observation to collect relevant traffic,
signal and delay data. According to these data, vehicle and pedestrian delay models are
developed with and without thé phase.”The models -of vehicle delay, are based on the
formula developed in 1985HCM.and"1988 by Akcelik by adjusting their parameters
using collected data. The result shows that the two adjusted models are similar, but the
1985HCM model may be more suitable in practice than the other. For pedestrian delay,
the result of the model is similar to that of 2000HCM with Exclusive Pedestrian Phase.
Since the 2000HCM model can’t incorporate the interactions of turning vehicle and
pedestrian without the exclusive phase. This research has developed an empirical
pedestrian delay model using multiple regression analysis method based on the field

observed data.

Finally, this research has taken one intersection in Taipei city as a case study to
analyze the difference of delay to the vehicle and pedestrian with and without the
Exclusive Pedestrian Phase at that intersection. The result shows that vehicle and
pedestrian total delay increases about 1.49 times with the Exclusive Pedestrian Phase.
The vehicle and pedestrian delay models developed in this thesis can be used as an
analytical tool to evaluate the effect of Exclusive Pedestrian phase on operational

efficiency of an intersection.

Key words: Exclusive Pedestrian Phase, vehicle delay model, pedestrian delay model
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Fpt 0 1985 &% HCM 2 1M afjF BB~ 18 V/C» ¥ 5 FR 3kt 1L B v IR
FroR 2 R > 2000 E 5K HCM 7 2t 7% B 5 R B T PRAR-KIE 2 g
2001 £A SRR F R LR S F B ITLFERE T E (TS 2T

e



222uF 2 ApMAT L KA

FAE| 0T 5, o
1982 ?’*?7’]? ANROHFIECTR OGRS CERA TSR A
S0 A HCM A2 & w s g R hFT 2 ARE L at i
FoomuFe kS SRR BRI B T 3 7o g ik o
1985 | HCM | I35 R FPFRFEXA V/IC & T3 FE it 1 i
U OPRFR-R I 2 IR
1987 |t (MSERLEFFLRE - BT SRS 2R A SRS
PSRt S 7 SAE IR
1990 | P2 ¥ (NP EHMEOLE  EH 1 ABFALHaRe A S
PR B R A WA B E TR R R
Ao F I e e R St el o B fs 11 Akeelik *t 1988
£ 73 B a3 GeneralizedModel = &gy > 1 * #icg 2 &2kt
P FRBESEE L o F 2 af & LSBT R
U
2000 HCM |% - 78 5 B3k 323 7|iE 14 4 2. Uniform delay(35- 2
F) R A R FIEWIIE A 2 EFE > F 2 G
Flie 4 1 Sk % 2 48 o
2001 | 5# 2 |5 1994 & 4 HCM & 3% #058 d=DF*d1+d2 » % — 71 3 #5-

%
)
I

m
+

10 S M
B 3L

R R T s B
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222 # fmuk S

@”ﬁﬁﬁme&’?ﬁ@ﬁﬂ%g%ﬁﬁﬂéﬂii7%’ﬁ

A EF AN - B RUFORFE R LR PEF A fein o
B LR~ FREERT 2 Tratio (I B fRa% R Bl T g2 L)

1AL & F = 48 1 Regular Arrival ~ Random Arrival ~ Platoon

o

fen

— sk

Arrival [10] %> 2?9 u% - s @@y > % 28RS > L% -5

-

PIEAERF ETFERC DA DT H I F s et
g oo dod 23 970 o 10TF Bl A W] At &R0 2 g iRk Bl
(1) Clayton (1941 )

B & g F 030 T d Clayton #1441 0 B3R B 00 - REDA f

(Regular Arrival ) I 5Lisit 85 v o 2718 8 5T 5948 jF 4ot T 2o 38 9on

= C (14 1)2
‘ ) ‘ 2=V _
e i E P18 é-iﬁ/%%i)?\‘ "—'ﬁﬁ_k@’ T & v ’}’3—}\‘ g% - Jf o ‘z’/}ﬁf—ji\“ £
?Fm'?)»p\ﬁ"‘@xb , aiﬁiﬁﬂ FlEgmg i & .}i,é’—lg_}%}ﬁéﬁ‘fr’
(overflow) 3jehut i » b MKERRND fmur ¥ o

(2) Wardrop (1952)
H 3)iE B3k 5 Poisson Arrival > #t 3% § s 3 4o pF o Bl SNARIT AR RIS

2 4558 Clayton ApiT » H {8 T355 B 4 F o530 5 ¢

_(R-1/2s)°
- 2C(1-y)

(3) Webster (1958)

~ ,;, 133 3 -2 7 -; “ - ; ‘\J*L— ,\ ’\
R Ptk en™ N m 15 i o

={C(1—/12)}{ X2 }_0'65(% s
2(1-y) 2q(1 - x) q

%5V B B SidsiE 5 Poisson 4 e H P % - 3E 5 353 4 % (Uniform

LoV A pdeT

=

11



delay) » BFHHatiF o % -8 50 A D P IE T A 4 a0~
# Random delaye % = 78 % 583 B30 A 0 € 395 a0 /F B gt F o fe
(At AR F B Had BE L xABIT Y | P T30 i & g 4o
7OFH OB A ARIRRT AR LBRTA B LB AIE RN T

R I E R TR 5~15% 0 FIp - AR ST LT NS

+-eo[[88282) [
2(1-y) 2q9(1-x)

(4) Millerl (1963)

AERERPIEARATEF ANl EREAF B RIE SRR
BK B iR EA G 5 RR] s T F FEASR P B gm0 R O fE(regular
interval) 3 B LRV B T 5 A4 W3 E SRS KBt F o 7T 5

O

o

{C(l—/%)+[(2);_1)l } | +y—1}
Xx>05 d=(1=4) 96 - %) >

2(1-y)
| +y—1
1-ARC1-A)+
e E X<058F » pY :( ){ (=4 S }
2(1-y)

(5) Miller2 (1968)

H overflow z. T ta& @& ¢ 7% 52+ 5 #-H B * > Poisson Arrival > # #

d=(-2) {ca-1)+Exp [(—4/2)((1/1_05))0-5(1 —x)/x|/q(1 - %)}

(6) Huctchinson (1972) p+ 238 % i3 :2 Webster’s 278/ & > H 4. % - 517

Random delay ¥ 4r » I-ratio » § I=1 F¥ > & Poisson 4 fic » ¥ % Webster’s

d =0.9[C(1_}“)2}+ LS
201-y) | 2q(1-x)

12

2};‘1@3@?&% » 4o T SN




423w A

1941 Clayton y C-2)>
~ 2(1-y)

1952 Wardrop (R—1/25)>

d=""1"%)

2C(1-vy)

1958 Webster ) 2 1

d {C(l_’l )}{ X }—0.65(3] X252

2(1-y) 2q(d-x) q
1963 Millerl d=(1-2){CA-2) +[@x=DI /g0 =x)]+(1 +y-1)/s}/2(1-y)
1968 Miller2 -2 (- 2)+EXP[(=4/3)(2Cs)"* (1-x) / x]/ q(1 - %)}
2(1-y)

1972 Huctchinson 2 2

d 20.9{0(1—1) } Ix

2(0-y) 4 2q(1-x)

1985 HCM St

d = 228CAE" e (x—1) + /(x—l)2 FELLS

=y Q

1988 Akcelik .

d = SEEDT Lo 00mye (x=1)+ (X_1)2+m(x——x0)

Generalized 2(1-y) QT

1990 wE Y d :0.68{(1—/1)2 /2(1- y)+225[(x—1)+\/(x—1)2 +47.2x/QJ}

d= 0.7{(1—/1)2 /2(1-y)+ 225\/(x —1)* +18(x —0.46)/Q}
2000 HCM d=d, *PF +d, +d,
2001 Dk N 3 d=DF *dl+d2

FEEN

(2] CHEGH R (F) gf %S BRET(F) Lg/C, § e kP20 F sl foin

x:qC/lsg 6 fe & q:TRiTRe T B 4R 305 5 (B /§)) L5 ¥ 7l B fpen% B el T o8k

2 QEEFE yMx TinF qzmRFLR

13




(7) HCM (1985)
% — 78 5 393 £ ;% (Uniform delay) - % = 38 5 ;b3 28 /% (Incremental
delay) > p-atF A 4 o 0B fRertE S FlE 2 X7 Lehprdl gl T

R It F e > TE g I LR A R SRR 0 e

_0.38CA-A)° +173x2[(x—1)2 + (x=1)? +16—X}
1-y Q

PR R E R TR B A FRBEEFE D300 0 &S

- 78 5 Webster’s 2342_ 0.76 & » & 0<x<I.OPF & 32> e § x>1.2 PFi{ 7 i

#

o

%flua\’l&’ri P ORL T BLIRY G @fg""r"nﬁ»‘;rﬁiﬁ xi;P-ﬂt«g,\' 1]
F R T BLER2 B A & B fi(platoon) T iE > #02 HCM & BB & f6 7 Fe e
Fl& o AriliafidE c D HRM cvc B2 g b mIER KL A Y
#] T H 2 & 7]+ (Progression Adjustment.Factor; PF) - 7§ "4k (FpF g o
BEUEFEE N F g AR AT o NIT L AR
FuasuFez Tk o PREFINTHmORr BEUEFE -
(8) Akcelik Generalized (1988 )

- BHREHCM -~ RBMW 2 4 £ X T FHG s 1% 2 bl
IS -SRI A B i o) T EEERE o D

=511152i+900Tx1}x—1}+J(x—lf-+5K5:3&2}
2(1-y) QT

He x,=a+bhsG a b ¥# T=nF qzPFFLAE S8l t4
R R RA 24 prutF ot otk a L RN d i

v o om AR

14



3 2.4 2 o582 Akeelik 2 5N S #ic¥ B £

37 JAES m n a b

1985HCM 4 2 0 0
By 12 0 0.67 1/600

S S o F) 4 0 0 0

TRANSYTS 4 -1 0 0

Akcelik 8 0 0.5 0

T HCM 0 8 0.5 0

(9) £ % (1990)
2 Akeelik *t 1988 # #73 JE 1 Generalized Model 3 45 > & 5|3 & =

BELT 2Bl R 2 B 17 de I

el

Re i Sdcle g o E 2 5 GRS R G c Py FRAP d R

"U)-

P E L Gl o B BRerord KL i R s TR R 1

i
v
J=
ETIS

EIE SIS T

LA TR g TR

d= 0.68{(1 — A 12(1-y) + 225[(x—1) +y(x—=1)? +47.2x/QJ}

ﬁﬁﬁ@r:

d= 0.7{(1—/1)2 12(1- y)+225/(x—1)* +18(x—0.46)/Q}
(10) HCM (2000)
WEERGNP 0 % - 3 LB IP] FliE st A 4 2. Uniform delay(35- 2
F) F R AL RIS I R $ 23 5 Pl e S g
ZHEF G 1985 B HCM & 2 58 gg iy > F 2 & HEL vk &
ZAFEFF > MIELAFEIRCFEBIwFE2 TRl o pfiEET
Mo r BEUEFE > 7N 4T

15



d=d *PF+d, +d,
C1-2)°
1- Amin{X,1.0}

d, = 900[(X —1)+\/(X -1+ 8kIX }
cT

d =0.5

1200 Qb(2__cT (1 - min {X,I. o}
d, = Q
T cT

(11) &% % 2R

BEELP (2001)
#1994 & £ HCM

HAERG GG YRRV ESR I EERA %
- I8 L B9 Pl oA 24 2 Uniform delay(35— 28 %) » F 73§ £ v
REZAFEFF > ESAFFRCFRERISFEL TR F oA
SR 0 SN deT

d = DE*dl+d2

_ 038C1=a)
~ 1-Afmin(1, x)]

d2=173x2b-L+J(x-4)2+16x/C)J
2.3 7 4w
M FAFdnt ) - Y RUEF R LT s RAPEFF LR
(C)~/ i rimg (P) 2 B 7R (W) & 0T 2wt & #
o
(1) Pretty’s Method (1979)
SR AT AR S 52 e A AT A g TS
FEEARY BARSEFRS ) ZHNOBERFTA SH3FE i
FELTALEFPERF > H =% ped-h/h o B8 A W] 5

P(C —w)?

d, =
2C

16



d, = P,(0.75C —w)’

P+ Py
d .=
142 2C

(C-W)’

odl B FAR- EE 2 (T A B FE (ped-h/h)
d2 5 74553 i 2 (7 4 ¥ £ (ped-h/h)
dig2 2 F%F A& prgpT 2 (74 ButiFE (ped-h/h)
Phiddx-rg2Hi | pFimAg
Pd % % A%S drif 2 8 (= 7 4 B

(2) Dunn and Pretty's Method (1984)
MEREREFEFAMEFEN  E i /A0 B P BGVRK A
PRI UGB PE YRS TS (S BE) FRT

7 A R 5

d:(g+10)2
2(g +15)
FRFRS G IS S8 (EIE ) FRT > (7 AMEF RS
Ol_(g+15)2
2(g +20)

(3) Virkler's Method (1998)
AAHEMNH 227 A (Brisbane) 18 BE T 2 (F A W F R > B
A EFHES > T R

[C-(G+0.69n)]
2C

XA LR TR

d=

(4) HCM (2000 )

Bk 7 AER e 5353 7] (uniform arrival ) 4 g > Bl 7 A T

ESE 7 3220 (N ,
d:(C_g)
2C

17



BARPRSD AR FE s HXWP LA THEB AP F 2

-I=°\&

R R R MR ET ARTORT R A

1'J\

P95 oS i F )3 AR s [24)0 S0 P 9 (93.5.20)% 3 72
ST BEF AL TR R AR SRR FE R AR A A X
REALITI(E) BFRE% - MARRI G 2T G WS- BF T
PFEL o

AT T BiiEE s Ry ”ﬁ?*«?f—?A.E;?E?#Bi@%'H’_Q’\

e

v BFUEFES ST R AR T LA A o 1 92 ER W
T2 EFHMHAE [25]) % 7[&,{3[ T e & ,xfgia&n Paﬁlgﬁg;‘gb ek
SHRF SR RS R RI R R FRF E R AR L RAE
ALt d AT RELR S S RFEFESAPE TR F Y
EJ|PTET AR T o FE T T E R > RS ER e BT FLRY
RAEHR A ARC ML 31 T o

230 BAKT 2 AMEY

5L e i IRV e FXEes B
LR 42 | EARES AR BRELLE e

¥
2 (A A e /B LE | 44 |RUENRETESR | A4 G REAAG S P

3 P E R/ T 4/8 R L R N I 0= =5 i A G
4 o E B IR 6/6 R L A RN IS O = ;A i
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Y
T
7
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=
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8
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TR IR M o pE Ap B

BRI Y E o BB T 1 F 2 T4

Xé._ﬂh&i Qﬁlﬁﬂ}'g_;\ Kﬁif&xﬁ' ’#T l#

Hoo FAYCE B R Az AcF] 31 45

«r‘t
a}\'

PR T O B

v 4 \ 4
LR T M TR BT B LRR T RE
\ 4
WF LR PTG E
A 4

B 3-1F

Br BLEEEA A

Bor Sl s §

'}’ P}%

w2 ERFE 2 -

B2 2 A2 R

B A |2 A R T

”ﬁ ‘ﬁ-'ﬁ%& ]"TAEF’% E%#E—V%i‘:u&ﬂﬂ'&fi (C)‘ 11*51 ra' 9JAH$:F'& (G)

F> e BFEFRF (R)~7%
(W) B =354 (sec) 32

BT

o éﬁ;‘;\"

19

R (Y)s 2R (A.R) 3 74 % 4xpF

CETORM A SR ek 32433




o 44

a3 B 44 C ]l G| Y JAR] R [ W [ Ehk
1 :;-é? é&/@“}i« e 83 | 47 | 1 1 | 34 | 45 2
2 4 /R LR | 115 | 67 | 1 1 | 46 | 65 2
3 +,\ B/ Rrs 150 | 67 | 2 1 | 80 | 65 2
4 | E e 150 | 87 | 2 1 | 60 | 84 2

[:x)] A &P/ % 2004 & 2 % 2-3 p 22:00~23:00

£33 BEET J AL Ep gk

5L B L C G | Y |AR| R | W | pripkk
ETT Y 113 | 63 1 1 48 | 30 3
2 |4/ | 188 [ 99 [ 2 1 86 | 32 3
T 185 | 93 2 1 52 | 37 3
4 | i /A 192 | 85 2 1 67 | 37 3
[z A 2”52 2003 # 12 ® 19-26 p 18:00~19:00
AR R Z BT SRRz At T RAcB 3-2 3 3-5 47oF
N
¥R
B T B
l FRERERE
I
— 1 —
LJF R — ===
— = «—
iy — 1 —— o = = — — — ——
T e || = —  EhE
—> —_— —

(2] 9 & § R G sn 7

B 3-2 BHE/§RER Bk AL FERFT LR

20



Wy

—~ S —

[;L] ;r; E%Iﬁu }i‘é’?{% T
3]

]
P
=

F13-3 2485/ B T8 B S RimindfRa i m

21



R T
[

g

HRURERRRRRRRN
[ ]

[ot=-

/A
—————— - e o . ;

—
4
Thiw
"
1111

7
NENRURNRNRNEN

_________________ '_E-"_l

[;L] ;r; E%Iﬁu }j‘é’?{% T

B 3-4 prgae/s i Ber SRz AR ERT LR

22



AR

— Z

2

*/\

NEYY
x
I

v

(= B R

1]
—
v
Pt
%?3

N

B

PR

Bl 3-5 PR R/ITR B SR kiR2 B4 FEFT LR

23



32 EFEA L
LT RAEAD 245 (1) 2R (2) 2gREFAEF (3)
& frin g > kT

1.

REAEBE

il ekl s 4

\-‘-H

LB B T 25 (q) BApE > ~uBEh LR
cr B i”iﬁﬁ* REBE P UE ISHLHE - L

s
_-ﬁ

£
2 Teit

lm»

iw e
w5 AEFA R

SAEBERUEF R FAEFS A > APy ISR A (Field

%’93
|m+
ek
ud
Fai
&
P
%
=
1
¥
|
T,
_r
S|

P p
B

Observation)™ 7% » FEH BRIV v 2 X2 F A 4 % 3-8 > 2 (Stop
Time Delay Method) % 4 #7' A @ - 2R/ 4 > % 11 2 28k
# 42 (Point Sample Method) # &2 - 235 & - FIEFR (A
P15y s R AR T Bk 2 B w1 ATie sk iR
FEHRLF R EHEFRLFEL PR o RIS
F B EFRFEFF/ ) 2R AER AT 7 EH 2003 £ 12 7 1
2004 & 2 P P - A VTR AT Sz Loz - L oprT -
LIZFEZ AL ABARRTFAFTWEAEY BipL B RTio
BEUFRERT > T B L Ry A BEFTIC 50 A 4E
T (P e o) bR A TR o B E SR Ao A S 0T o
FAMFINL A - PR (15 §))e8% P B S0 8
G2 B veegeniB R AR L 150 LR BT ARR
venA o WETIEE AEFRERF/ L) c AR EE AT
T GEIEALARH T RALALIRT G CAFEFAAEN
PEAR 2. (7 A L3O R PR > TGRS Ry o A B[EETI Y
50 A 30 X (s B )b el A T 0 B A fode

U SN S 7

3"5’5"’ff'/ LB A ’f‘?
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SRERC 2o (s) 2 &
= PFE2 (three interval ) 3 & 2384 2 2

RHFEREA G PRS- FRIAFFER MR A
B F D G

[

FE S AR FBEL 2 IR Y ZFR -3
EpEr R prR BRI R A R ML PR

2 4 fein & (pewlane/hr) » 73 Br2_ A 47 Tl 22 b i X
FoRARR .

Harbp o B a2 > DY THL - ERPPFE > LF ERE
BRFI o friERZ BT ﬂﬁxﬁﬁ'}i;}_ﬂ%—kf FE? L f o

1 P AE o F

LR RERY  BERAL  AE R AL E e

EKE 35 g

LA R

AR R R G [16]0 1t 2 T R A N I B
AT LA B BB G, Nt Tk e EE 0 B g k4o

% 34 %2 3.5 9757% o

%34&64%*$E’P*i%%ﬁ@&%

v u] | kA | BPFRF (sec) | B2 #c (peu) | T B4 {oF EE(sec)
1 39 231 117 1.97
2 32 196 104 1.88
4 42 281 153 1.84
2353 9% 4 E%imﬁﬁ v 2 T 3ok o iR
v u] | kA | BPFRF (sec) | B2 dc(peu) | T 4o EE (sec)
1 33 203 112 1.93
2 44 298 161 1.85
4 37 218 114 1.91

Pz BEC T fofF FEY 1.89sec F)

s

PR T BB E R ] R A o
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S=3600,71.89=1905 ( pcu/lane/hr of green) (5* 3-1)

Q=1905*G / C (pcu/lane/hr ) (34 3-2)

B2 PR AL 2 BTG B RS-

;oA E gy o B ol 5
L —&/H“i&_—t}i‘gé,‘ ;_m;‘l'_,g-?

G

pcu(passenger car unit) = H = 4rp

. .
LG FEIR

IV EAESATETEERE x TECRE > WY EFRE R EH B 4w

BRUEFE o MY T sl @}]?e [14) 2/ 8% > 12 5 38 2
JEBFRE B2 )LD F EhoR 3.6 977 o
¥ B 0 10 20 30 40 50 0 70 80 90 | 100
" 5196
PCE 07 1055 05|04 [037]035]032] 0.3 [0.28]0.27]0.25
PCE: #6272 [ 228 £+ %@
BE V2B G BT RIE 2 E_’uk;-—}i Bt 3738
# 3.7 g7 A B RPEE L iar AT
Borow JE 3= | ELE2 B3 B4
AT
ek ¥ (1)) 83 115 150 150
Bﬁlﬁ FE®(F)) 47 67 67 87
B iR E () 36 48 83 63
B ﬁfrTaB?’rT'J L(G/C) | 0.5663 0.5826 0.4467 0.58
7 A BFF)) 45 65 65 84
R A¢ 7)) 38 50 85 66
7 A (G/C) | 0.5421 0.5652 0.4333 0.56
S (pcu/lane/green hr) 1905 1905 1905 1905
Q (peu/lane/hr) 1079 1109 851 1105
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BT g ol B2 B3 B’ o4
Rt
BRI (7)) 113 188 185 192
B R E(H)) 63 99 93 85
B R E(R)) 50 89 92 107
B gmpE L (G/C) | 0.5575 0.5266 0.5027 0.4427
7 A% 30 32 37 37
74 EF)) 83 156 148 155
i7 A pEF(G/C) | 0.2655 0.1702 0.2 0.1927
S (peu/lane/greenhr) | 1905 1905 1905 1905
Q (pewlane/hr) 1062 1003 958 843
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E e S E T AR - RE

AER IR AEHREZFANAPET TS YL R 742

WFHER 0 R A A R Y B R AR LS o
Ao A EED FRE RN R T A R 2 AP Al ITIP o B o 4R
R4 F S R 304 0 12 1985HCM 2 1988Akcelik 4 7 5% 5 ik df 0 &
$5 g pip] e (fitting) Bo i 2 HORS Slcie £ 0 2 KB B 2 2 B RT3
SRS o Bl o SMH T A WFE R GINA 0 11 2000HCM 4 F HEES G
5 FA5 el g (fiting) 2 $050 Sl & 0 KRB ho > 2
(FATPEFH DV FEFFATARE e il R HF AT

2B T RN

4.1 B dmat ¥ 50
4.1.1 2 7F NP
(1) 1985 &3 3 Wi F B4 (HCM)Z 4 3 H5% 4o 55

d:—o.3gc(1—z)2 +173x {(x D+ [(x=1) +16—X}
1-y Q

(2) 1988 & d Akcelik # B 112 7 i3t 40T 3%

d:&§§Q:£X+IB%X—D+JU—DZ+§K%;Ea}

st d TR 8w (/)
C: ¥ £ ARG
G % BER )

X :éﬂr}i:qge

1:G/C
Q : % £ (pcu/hr)
y: AX

28



B4t B fmut N 204 > d 2 1985HCM % 1988Akcelik & #73¢ 5 % % uf
# @ 2000HCM B3t 5 44 i » A5 i A TR B R 245 - 7
P iEH 1985HCM 2 1988Akcelik & #53% 5 A A B * “18 A T4 WK
B H fodic o ANl 8 (@~ b)de™ #7ow:
(1)1985HCM

_ s CU=A a6
d=a i +b x{(x D+ [(x=1)"+ Q}

(2)1988Akcelik

d :a*M+b*{(x—l)+\/(x—l)2+

32(x=0.5)
1—-AX

Q
4.1.2 HS R
RypeTH B2 TR B dmat F 2 1985HCM 2 1988 Akcelik #5¢ 5 i 4
AEEE AR G EF ST A BB L SR R E R B
(fitting ) B iF 2. {53 Sdicle & ol RBE g 27 2 B A 5N 0 B AR 4o B

4-1 #1777

BRI E A B & H A2 i)

A 4

EH A E

PR RS B Ryt
SPSS &4 & if Sl &

(E TR

B 4-1 o\ K i 2 428
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m et B S HE 2 1% S goM(SPSS) P 2haR i fF a0 2 P 2
5 47 #2 (Marquardt) » gt 2 ke gha 2 7R R E LB EF LA
BERS o] T 3t (At 0P SSE 5ot EHE) RIS M A
B(ab)him s w4 et 78 FIF Riacs Lo 4ot ¥ F bo| 0 SSE(R
AT 3oyl goid SR Eor BE T L Sld i B3O s a=0.1-
b=200 - F& iz E % 4ck 4.1 #77:

\\\?{r

4138 & (74 &% prip
(=) f& % 1985HCM £ # H5¢

(1) Br 1
d=ar 00 pael 1)+\/(x L
1-0.5663x 1079
(2) BT 2
doar 2004 gl (x 1)+J(x 1y? 4 10X
1-0.5826X 1109
(3) v 3
doa*_ 2000 e (x=D+a](x-1)’ 410X
1-0.4467 X ’ \ 851
(4) Br 4
d=a*—2130 L pwyel (x- 1)+\/(x—1) LS
1-0.58x 1105

341 %% HCM £ # PN st 2% 2 (7R 5% phgp)

Sl &

B a b SST SSE R’ R’
ol 0.926 | 96.098 | 71.473 | 13389 | 0.813 0.806
Ber 2 | 0.867 | 91.046 | 159.046 | 23.598 | 0.852 0.846
v 3 | 0.738 [ 105.839 | 81.853 | 21.968 | 0.732 0.723
B 4 | 0.724 | 98.489 | 122.185 | 18.098 | 0.852 0.847

[:£] SST: 2% B T4 SSE: A £ T3 R? (3 & 18 &) % 1% 3)=1-SSE/(n-2)/SST/(n-1)
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1-0.58x% 1105

42 ¥tz Akcelik 8 F RN st B % A (R F A& % pigp)
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Ber 2 | 0.873 | 121.289| 159.682 | 23.634 | 0.852 | 0.847
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[5£) SST: &% B L= fv SSE: A LT = fo R’ (3 # 2] 24 #)=1-SSE/(n-2)/SST/(n-1)
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BT " b SST SSE | R* | R
45 0.587 | 51.470 | 25390.723 | 9974.454 | 0.607 | 0.604

[:£)] SST: %% % T 4o SSE: & £ T = fr R? (A #E 18 %) 7_th #1)=1-SSE/(n-2)/SST/(n-1)
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# 4.7 &5 HCM 2 7% 5%
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T PERTER T T A AR S A A
Regression
Correlations
VAR00001 VAR00002 VAR00003
Pearson Correlation VARO00001 1.000 .820 .695
VAR00002 .820 1.000 .639
VAR00003 695 639 1.000
Sig. (1-tailed) VAR00001 . .000 .000
VAR00002 .000 . .000
VAR00003 .000 .000 .
N VAR00001 33 33 33
VAR00002 33 33 33
VARO00003 33 33 33
Model Summary
Change Statistics
Adjusted R | Std. Error of R Square
Model R R Square Square the Estimate Change F Change dfl df2 Sig. F Change
1 8208 672 661 2.00334 672 63.401 1 31 .000
2 8490 722 703 1.87506 .050 5.387 1 30 027
a. Predictors: (Constant), VAR00002
b. Predictors: (Constant), VAR00002, VAR00003
ANOQOVAC¢
Model Sum of Squares df Mean Square F Sig.
1 Regression 254.454 1 254.454 63.401 0002
Residual 124.415 31 4.013
Total 378.869 32
2 Regression 273.393 2 136.697 38.880 .0000
Residual 105.476 30 3.516
Total 378.869 32
a. Predictors: (Constant), VAR00002
b. Predictors: (Constant), VAR00002, VAR00003
¢. Dependent Variable: VAR00001
Coefficients 2
Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 10.029 2.331 4.302 .000
VAR00002 .656 082 .820 7.963 .000
2 (Constant) 6.024 2782 2.166 038
VARO00002 .508 .100 .634 5.065 .000
VARO00003 160 069 .291 2.321 027

a. Dependent Variable: VAR00001
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