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Abstract

The purpose in this study was to review the travel characteristics of the left-turn
signal system on the signalized intersections under the study in Pusan area, construct the
appropriate transportation systems under the different left-turn signal systems : Protected
Left-Turn signal system, Permissive Left-Turn signal system, and Protected-Permissive
Left-Tum signal system based upon the travel characteristics reviewed, and finally
suggest the optimal left-turn signal system which could reduce traffic delay and fuel
consumption, and also improve traffic safety on the signalized intersections based upon
the optimal transportation system constructed.

Based upon the results, it was concluded that the Protected-Permissive Left-Tum
signal system would be better and safer than the Permissive Left-Turn signal system in
the aspects which could reduce decrease delay and fuel consumption, and simultaneously
increase traffic safety on the signalized intersections, even if the optimal Permissive
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Left-Turn signal system was found to be the best left-turn signal system in the
aspects of the Measures of Effectiveness(MOE) on the intersections under the study.
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Fig. 21 Peak-Time Periods of the Signalized Intersections in Pusan
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Fig. 22 Traffic Volume Distribution on the
Intersections under the Study
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Table 31 MOEs between Protected Initial Setting and
Protected Optimal Setting

Analyses | Initial Setting of |Optimal Setting Rates of
Protected Signal | of Protected ,
Parameter Phase Signal Phase | Reduction
Average Dela
eree Y 19955 7866 55.43
(sec/veh)
Fuel Consumption
] 165884 6,190 5453
(lit/hr)

Table 3.2 MOEs between Protected Initial Setting and
Permissive Initial Setting

Analyses | Initial Setting of | Initial Setting Rates of
Protected Signal | of Permissive .
Parameter Phase Signal Phase | Reduction
Average Delay
1,9%5 2438 8162
(sec/veh)
Fuel Consumption
) 165884 2,1446 80.86
(lit/hr)
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Table 3.3 MOEs between Protected Initial Setting and
Permissive Optimal Setting

Analyses | Initial Setting of | Optimal Setting| Rates of
Protected Signal | of Permissive .
Parameter Phase Signal Phase | Reduction
Average Delay | oop 5 1359 93.19
(sec/veh)
Fuel Consumption
(livho 16,5884 1,2833 RN.2%6

Table 34 MOEs between Protected Initial Setting and
Mixed Optimal Setting

Analyses | Tnitial Setting | Optimal Setting | Ryges of
of Protected |of Mixed Signal .
Parameter Signal Phase Phase Reduction
Average Delay
(sec/veh) 19865 1598 842
Fuel Consumption
. 16,5834 1,458 87.36
(i) 58

53, 71&9 23334 (Protected Left-Turn)
AZAAE HAsste] 29 759 v|2 3543
Z (Permissive Left-Turn) AlZAAZ W73t
FAFVIE FAE AE vwstd YFA A A7
(AD)# A8AR2FHFC)ol 47t 2k 69%9} 65%H
= Zadte Aoz Jeigy, HAe niasA
(Protected Left-Turn) AZAAZ 3¢ 7459
2|4 2] v]2 33434 (Permissive Left-Tumn) A3
AR HAs g3 H$E v=2std FFA
AAZHAD)F dB8AEZFEFC)0] 22k <oF 84%9}
RUAE F}aste Aoz vehton] Hze n
3 73] (Protected Left-Turn) AZAAZ -3
& Ase HH RI vz ELF3IA
(Protected -Permissive Left-Tum) A& A A2 &
st 9% A$E wimsbd FAAAAZ
(AD)# A5ARZF(FC)o] EoF & 4%AHE 4
e Aoz Jepgdth(#EE Tables. 3-5, 3-6,

3-7). @ h h u

AzEAR AHAA F AT

Table 35 MOEs between Protected Optimal Setting and
Permissive Initial Setting

Analyses | Optimal Setting | Initial Setting | p,roc of
of Protected | of Permissive .
Parameter Signal Phase | Signal Phase | Reduction
Average Delay
7866 2438 69.01
(sec/veh)
Fuel Consurmption
6,199.0 21446 65.40
(lit/hr)

Table 36 MOEs between Protected Optimal Setting and
Permissive Optimal Setting

Analyses

Optimal Setting

Optimal Setting

(lit/hr)

of Protected | of Permissive Rates ,Of
Parameter Signal Phase | Signal Phase |Reduction
Average Delay
(sec/veh) 7866 1359 8363
Fuel Consumption 61990 12833 207

Table 37 MOEs between Protected Optimal Setting and

Mixed Optimal Setting
Analyses |Optimal Setting | Optimal Setting | Raes of
of Protected |of Mixed Signal .
Parameter Signal Phase Phase Reduction
Average Delay
(sec/veh) 7866 1598 7431
Fuel Consumption
i 6,190 14558 7350

oy, 2 323]A- (Protected Left-Turn) A%
AAZE v R 5 23] - (Permissive Left-Turn) 413

AAZ WAse Az

29 A9} B3

B] 2 3 # 3] A (Permissive Left-Turn) A3 A A 2
9 ASE vimstd JFAAAZHAD)FH A
B4R FC)] 72 oF 57%¢} 52% A= FHAd}

€ Aoz JveEydy,

v} 2 % 3] 4 (Permissive

Left-Tumn) AZAAZ 28 A9 A9 »
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A% A-

% -v|n3% E833)4d(Protected-Permissive Left
-Turn) AZAAZ W73t 9 75§ v
sl JFAAAHAD)F AR5 ERFFC)e] <
HMBAE ke Ao® vehdon (3£ Tables.
3-8, 3-9), H]X.3=3]H-(Permissive Left-Turn)
AFZAALt BF -vs EFL33)4 (Protected-
Permissive Left-Turmn) AZAAE HH o2 &4
T 7S FFAANAZHAD)F A8 EZFFC)o]
Ztzt oF 43%¢} BBA L FrAadteE Reg el
th(Z}= Table. 3-10). 34, A4 ZA2E F
oA J EAR(5et ZALR)el| Wy a2 EAMF
= o33 32tk

Table 38 MOEs between Permissive Initial Setting and
Permissive Optimal Setting

Analyses | Initial Setting |Optimal Setting| Rates of
of Permissive | of Permissive .
Parameter Signal Phase | Signal Phase | Reduction
Average Delay
(sec/veh) 238 19 -
Fuel Consumption
(it/hr) - s o

Table 39 MOEs between Permissive Initial Setting and

Mixed Optimal Setting
Av::sr;gev el;.lay 2438 1598 14.40
Fuel ?l‘;“mslr‘“)mﬁ"" 21446 1468 | 137

Table. 310 MOEs between Permissive Optimal Setting
and Mixed Optimal Setting

Analyses | Optimal Setting | Optimal Setting | Rates of
of Permissive {of Mixed Signal
Parameter Signal Phase Phase Increase
Average Delay
(sec/veh) 13%9 1598 4338
Fuel Consumption
(lt/hr) 12833 1,458 3381
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4-Leg Intersection(J)

4000

25 * e=ee+ PRLT
& - —~+— PELT
} 4ddtd PPLT
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>
=
&% A
g, [
L8 \
s 1N
T~ .-
° -~ bl T SO P RS S
Y ] T 1 T i
] 10 220 0 «© 80 8o

Step
Fig. 3.1 Geometric Conditions and Cycle
Evaluation(Intersection J)

£ AAZEHE A3 AAR ] 2R2(FG 2
A2)E 47 (4-Leg) ZAZR A ZF7]E 18029
58 A](Phase)2 £33 2t 94A] Fig. 2.1
A & F 9Re] J RAZ(FE 2AR)E] FHFA
e 2EHIANSE g8 F 2464 54]
Aol 2 olwe] HFaFFL of 8870pcud =5
128 I s =

B9, ] AA2(eek ZAR)d dE AFA0
E FAoz AEHAEN S AAY A, AT
2] A A 7HAD)E 1,821.3 sec/vehA =2 e,
ARARFFC)S 12502 bt/ A =2 ebgon,
HAFAZH A 7P AldE A AE JeElle 53
H(Link)S AHu g, FEA 3Zuso e 33}
+(N-Bound) &34 E3(Left-Turn Link, Link
1302)0l14 7H3 At ZFAFe] B Ao
debgel a2y, 2533 A ASZAAE A3}
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B3 -vR3 E433A AZAAE 2 ¥R Azwaze] HHdA A A7

slo] £9% A HFAAAZHAD)F d84R
FFC) UM 47 oF 70%2 69%4H = 343
£ A2 Jvehgty, 23533 (Protected Left
-Turn) Al ZAAE ¥] 2353 3]A (Permissive Left
~Tum) AZAAZ HAslY Fd AZF72 &
& AS$ FFAAANZNSD)F d 822 FEFC)S)
Ztgo] oF 98%AEE el E3], vluss
3] A (Permissive Left-Turn) AZAAE A 3}s]
o 9% 7S HFAAMAZHAD)Y A54nH
(FC)»& 23a3A AZAARZ £4% wo) v|s}
o Ztz} oF 98%%t P%AH T A AL e

oy 71¥2 ¥ 333)H (Protected Left-Turn)
AZAAE HAHY RF-u¥Rs: TLHI}IA
(Protected-Permissive Left-Turn) AlZAAZ &
48 A% FFAANAZHAD)F 82 2FEFC)o]
77t oF 97%9} %6%AE Fadte Aoz el
th(#Z Tables 3.11, 3.12, 3.13, 3.14).

Table. 3.13 MOEs between Protected Initial Setting and
Permissive Optimal Setting (Intersection J)

Analyses | Initial Setting |Optimal Setting| Rates of
of Protected | of Permissive .
Parameter Signal Phase | Signal Phase | Reduction
Average Delay
(sec/veh) 1,813 150 .18
Fuel Consumption
(lithr) 12,5020 140 RBH

Table 314 MOEs between Protected Initial Setting and
Mixed Optimal Setting (Intersection J)

Table 311 MOEs between Protected Initial Setting and
Protected Optimal Setting (Intersection J)

Analyses | Initial Setting |Optimal Setting Rates of
of Protected | of Protected .
Parameter Signal Phase | Signal Phase |Reduction
Average Delay
(sec/veh) 18213 5636 69.60
Fuel Consumption
(Git/hr) 125020 38430 69.26

Table 312 MOEs between Protected Initial Setting and
Permissive Initial Setting (Intersection J)

Analyses | Initial Setting | Initial Setting Rates of
of Protected | of Permissive .

Parameter Signal Phase | Signal Phase | Reduction

Average Delay
1,821. . -
(sec/veh) 3 A e
Fuel Consumption

(lt/hr) 125020 20 o

@ hnu

Analyses | Initial Setting |Optimal Setting| Rates of
of Protected |of Mixed Signal .
Parameter Signal Phase Phase Reduction
Average Delay
(sec/veh) 18213 594 96.74
Fuel Consumption
(liho) 12,502.0 4580 96.34

=3 ] ZAR (et 2A2)e) dE RasA
(Protected Left-Turn) A1 ZAAE 2 3}sle]
9& 7399} v 2 53] A (Permissive Left-Turn)
AzAAZ WAz FAdF7|Z 9 A$E
vl st P FA A A ZHAD)F A 84 R F(FC)o)
74zt oF 94%9} 93%A T FHAadte Ao v
2, HA 9 ¥ 5334 (Protected Left-Turn) 4135
AAZ 98 A9 A wnsHsA
(Permissive Left-Turn) A3 AAZ WAl &
9% 75 vizsd HFAAAZHAD)FH A8
ARZEFC)o] 7 oF 97%S}t BRAE FHAste
e vepgen, 349 B 3334 (Protected
Left-Turn) A& A<} B3 -vxs E433H-
(Protected-Permissive Left-Turn) A1 ZAAZ $
¥ 755 vt YFAAAZHAD)H 98
2E2F(FC)o] 4zt oF 89%9} 6%AE FHadte
22 Yehgth(3#E Tables 3.15, 3.16, 3.17).
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Table 315 MOEs between Protected Optimal Setting and
Permissive Initial Setting (Intersection J)

Analyses | Optimal Setting | Initial Setting Rates of
of Protected | of Permissive .
Parameter Signal Phase | Signal Phase | Reduction
Average Delay
(sec/veh) 5536 U7 93.73
Fuel Consumption
(litho) 38430 2820 9266

Table 316 MOEs between Protected Optimal Setting and
Permissive Optimal Setting (Intersection J)

Analyses | Optimal Setting | Optimal Setting| Rates of
of Protected | of Permissive Reducti
Parameter Signal Phase | Signal Phase ton
Average Delay
(sec/veh) %8 10 =
Fuel Consurmption
(it 3840 o =

Table 317 MOEs between Protected Optimal Setting and
Mixed Optimal Setting (Intersection J)

Analyses

Parameter

Optimal Setting
of Protected
Signal Phase

Optimal Setting
of Mixed Signal
Phase

Rates of
Reduction

Average Delay
(sec/veh)

5636

594

8927

Fuel Consumption

4580

808

(lit/hr) 3540

o, ] mRE(fe mxZ)e] ds 71E9]
B 3 23] (Protected Left-Tum) AlZAAE H]
3 % 23] A (Permissive Left-Turn) A1 Z A A2 ¥
st HHog $94F 7o 453 vjrI
3] 4 (Permissive Left-Tum) AlZAAZ 9%
255 v=3pd HFAAAHAD)H dusweF
(FC)°o] Ztzt oF 57%9} 49%A = 7}aste AL
Yebd 3, v] B 3 33 A (Permissive Left-Turn) Al
IAAZ 9% 459 HAY B -uwF F
42} 3) A (Protected-Permissive Left-Turn) A&

@ hhu
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AAZ wAsle] 3 H$E vwsd HJFA
AAZHAD)} AgAmZFC)ol 7zt oF 42%9}
BBAE Frashe Aoz et on(3dx Tables
3.18, 3.19), A< H] X 333 H (Permissive Left
-Turn) AZAAe} 2F -vjRs EFL£F33A
(Protected -Permissive Left-Turn) Al S A A| 2 &
4 75 wastd FFAAANZHAD)Y A=
2REHFC)o] ZH2t o 75%9 69%AE Fraste
Aoz Jephdti(}= Table 3.20).

Table 318 MOESs between Permissive Initial Setting and
Permissive Optimal Setting (Intersection J)

Analyses | Initial Setting | Optimal Setting | Rates of
of Permissive | of Permissive .
Parameter Signal Phase | Signal Phase |[Reduction
Average Delay
(sec/veh) 347 150 56.77
Fuel Consumption
(lit/hr) 2820 1440 489

Table 319 MOEs between Permissive Initial Setting and
Mixed Optimal Setting (Intersection J)

Analyses | Initial Setting
of Permissive
Signal Phase

Optimal Setting
of Mixed Signal
Phase

Rates of

Parameter Reduction

Average Delay
(sec/veh)

Fuel Consumption
(lit/hr)

347 594 4158

2820 4580 3843

Table 320 MOEs between Permissive Optimal Setting and
Mixed Optimal Setting (Intersection J)

Analyses
|Parameter

of Permissive |of Mixed Signal
Signal Phase Phase

Rates of
Increase

Average Delay

(sec/veh) 594

150 7475

Fuel Consumption

(i) 1440

6856
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Fig. 3.2 Flow Profile Diagrams of Thru Link 1301(Intersection J)
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Fig. 3.3 Flow Profile Diagrams of Left-Turn Link 1302(Intersection J)
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HE -vEF E8FAIH AZAAE 2 FAAY Axwze] HAHAA 6 A} Q7

w2t ] IAR(FG ZakR)e] SR ANA
< AAE A 222 FYPSAH dI A=
Ue A7 ¢4 A %53(thru movements)E.ch
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