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ABSTRACT

TPCLT is a advanced signal system that serves twice left turn phases during the same cycle.
TPCLT can be a useful where the left turn traffic volume is high and the length of the left turn
lane is short. This study examined the effectiveness of TPCLT in reducing delay for a signalized
three-Leg intersection and proposed the application of TPCLT signal system. 108 scenarios with
different traffic volumes were created. This study analyzed the control delay of the three-Leg
intersection in case TPCLT is operated and non-TPCLT is operated. As a result of analysis, it was
shown that TPCLT was effective in most of the scenarios. When traffic volume ratio of the left turn
is 30~40%, TPCLT was more effective at reducing the control delay. The study result shows
significant delay reduction for the left turning traffic and it is approximately 50 seconds. The
opposing movement’s average control delay increased 2 seconds. The effect of TPCLT on the length
of left turn lane was analyzed. As a result, it is found that TPCLT is effective when the length of
left turn lane is 30%~60% compared to that of conventional three leg intersection operations.
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<Table 1> VISSIM analysis scenarios according to traffic volume by directions

Z¥((Bdirection)&

Main line Left turn traffic percentage and volume(v/h)
traffic Direction
percentage 10.00% 20.00% 30.00% 32.50% 35.00% 37.50% 40.00% 50.00%
scenario 1 | scenario 2 | scenario 3 | scenario 4 | scenario 5 | scenario 6 | scenario 7 | scenario 8
50% (Ddirection 193 385 578 626 674 722 770 963
?’ (@direction 1,733 1,540 1,348 1,299 1,251 1,203 1,155 963
504 | @direction 1,733 1,733 1,733 1,733 1,733 1,733 1,733 1,733
@idirection 193 193 193 193 193 193 193 193
scenario 9 | scenario 10 | scenario 11 | scenario 12 | scenario 13 |scenario 14 | scenario 15 | scenario 16
35% (Ddirection | 212 424 635 688 741 794 847 1,059
(direction 1,906 1,694 1,482 1,429 1,376 1,323 1,271 1,059
459 | Qdirection 1,559 1,559 1,559 1,559 1,559 1,559 1,559 1,559
@idirection 173 173 173 173 173 173 173 173
scenario 17 | scenario 18 | scenario 19 | scenario 20 | scenario 21 | scenario 22 | scenario 23 | scenario 24
80% (Ddirection | 231 462 693 751 809 866 924 1,155
(direction | 2,079 1,848 1,617 1,559 1,502 1,444 1,386 1,155
40% | @direction 1,386 1,386 1,386 1,386 1,386 1,386 1,386 1,386
@idirection 154 154 154 154 154 154 154 154
scenario 25 | scenario 26 | scenario 27 | scenario 28 | scenario 29 | scenario 30 | scenario 31 | scenario 32
85% (Ddirection | 250 501 751 813 876 938 1,001 1,251
(direction | 2,252 2,002 1,752 1,689 1,627 1,564 1,502 1,251
359 | Qdirection 1,213 1,213 1,213 1,213 1,213 1,213 1,213 1,213
@idirection 135 135 135 135 135 135 135 135
scenario 33 | scenario 34 | scenario 35 | scenario 36 | scenario 37 | scenario 38 | scenario 39 | scenario 40
10% (Ddirection | 270 539 809 876 943 1,011 1,078 1,348
(direction | 2,426 2,156 1,887 1,819 1,752 1,684 1,617 1,348
304 | Qdirection 1,040 1,040 1,040 1,040 1,040 1,040 1,040 1,040
@idirection 116 116 116 116 116 116 116 116
scenario 41 | scenario 42 | scenario 43 | scenario 44 | scenario 45 | scenario 46 | scenario 47 | scenario 48
T5% (Ddirection | 289 578 866 938 1,011 1,083 1,155 1,444
(direction | 2,599 2,310 2,021 1,949 1,877 1,305 1,733 1,444
954 | Qdirection 866 866 866 866 866 866 866 866
@idirection 96 96 96 96 96 96 96 96
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<Table 2> The optimization and TPCLT signal time table

Classifi- | Optimization signals TPCLT signals Classifi- | Optimization signals TPCLT signals

caion | [ | It | ¢ |Cycle| & [ It [ b | ¢ [Cycle caion |} | It | ¢ |Cycle| & [T [ I | ¢ |Cycle
Scenariol |20 |88 | 8 | 125 | 9 |8 | 8 | 8 | 125 Scenario25 | 33 | 75| 8 | 125 | 15| 75| 15| 8 | 125
Scenario2 |34 | 74| 8 | 125 |16 |74 | 15| 8 | 125 Scenario26 | 50 | 58 | 8 | 125 | 24 | 58 | 23 | 8 | 125
Scenario3 | 45 | 64 | 7 | 125 |21 | 64 |21 | 7 | 125 Scenario27 | 62 | 47 | 7 | 125 | 30|47 |29 | 7 | 125
Scenario4 |47 | 62| 7 | 125 |22 |62 |22 | 7 | 125 Scenario28 | 64 | 45 | 7 | 125 | 31| 45|30 | 7 | 125
Scenario5 | 49 | 60 | 7 | 125 |23 |60 |23 | 7 | 125 Scenario29 | 66 | 43 | 7 | 125 | 32|43 |31 | 7 | 125
Scenario6 | 52 | 57 | 7 | 125 |25 |57 |24 | 7 | 125 Scenario30 | 68 | 41 | 7 | 125 |33 | 41|32 | 7 | 125
Scenario7 | 53 | 56 | 7 | 125 |25 |56 |25 | 7 | 125 Scenario31 | 66 | 38 | 7 | 120 | 32|38 |31 | 7 | 120
Scenario8 | 67 | 57 | 7 | 140 | 32|57 |32 | 7 | 140 Scenario32 | 92 | 42| 7 | 150 | 45|42 |44 | 7 | 150
Scenario9 |23 | 84| 9 | 125 | 10|84 | 10| 9 | 125 Scenario33 | 38 | 70 | 8 | 125 | 18 | 70 | 17 | 8 | 125
Scenariol0 | 39 | 69 | 8 | 125 | 18 | 69 | 18 | 8 | 125 Scenario34 | 56 | 52 | 8 | 125 |27 | 52|26 | 8 | 125
Scenarioll | 50 | 59 | 7 | 125 |24 |59 |23 | 7 | 125 Scenario35 | 68 | 41 | 7 | 125 |33 | 41|32 | 7 | 125
Scenariol2 | 52 | 57 | 7 | 125 |25 |57 |24 | 7 | 125 Scenario36 | 70 | 39 | 7 | 125 | 34|39 (33| 7 | 125
Scenariol3 | 55 | 54 | 7 | 125 |26 | 54|26 | 7 | 125 Scenario37 | 72 | 37 | 7 | 125 | 35|37 |34 | 7 | 125
Scenariol4 | 56 | 53 | 7 | 125 |27 |53 |26 | 7 | 125 Scenario38 | 74 | 35 | 7 | 125 |36 | 35|35 | 7 | 125
Scenariol5 | 58 | 51 | 7 | 125 |28 | 51|27 | 7 | 125 Scenario39 | 76 | 33 | 7 | 125 |37 |33 |36 | 7 | 125
Scenariol6 | 73 | 51 | 7 | 140 | 35| 51 | 35| 7 | 140 Scenario40 | 99 | 35| 7 | 150 | 48 | 35 |48 | 7 | 150
Scenariol7 | 25 | 82 | 9 | 125 | 11 |82 | 11| 9 | 125 Scenario4] | 44 | 64 | 8 | 125 |21 | 64|20 | 8 | 125
Scenariol8 | 44 | 64 | 8 | 125 |21 | 64|20 | 8 | 125 Scenario42 | 64 | 44 | 8 | 125 | 31|44 |30 | 8 | 125
Scenariol9 | 56 | 53 | 7 | 125 |27 | 53|26 | 7 | 125 Scenario43 | 74 | 35| 7 | 125 |36 | 35|35 | 7 | 125
Scenario20 | 58 | 51 | 7 | 125 |28 | 51|27 | 7 | 125 Scenario44 | 76 | 33 | 7 | 125 |37 (33|36 | 7 | 125
Scenario2] | 60 | 49 | 7 | 125 | 29| 49|28 | 7 | 125 Scenario45 | 78 | 31 | 7 | 125 |38 |31 |37 | 7 | 125
Scenario22 | 62 | 47 | 7 | 125 |30 | 47|29 | 7 | 125 Scenario46 | 80 |29 | 7 | 125 | 39|29 |38 | 7 | 125
Scenario23 | 64 |45 | 7 | 125 |31 | 45|30 | 7 | 125 Scenariod7 | 77 |27 | 7 | 120 |37 |27 |37 | 7 | 120
Scenario24 | 79 | 45 | 7 | 140 | 38 | 45|38 | 7 | 140 Scenario48 [ 10529 | 7 | 150 | 51|29 |51 | 7 | 150
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o
AA
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<Fig. 3> Control delay when applying the optimization signal <Fig. 4> Control delay when applying the TPCLT signal

38A HA3} 4AlS H§ Ao} TPCLT A& A& A, Atz o] F AoA A Ao]E vlagt A7} <Table 3>
3} o] YERTE tiiEe] Aug] 2elA] TPCLT A5 A8 A XA a7 Qs Aoz Uehyton A4
Ao 25 Z 202 YEyth A AU F 33 2FF g0l 10%21 3712 AlvE] 2 (Scenario 1,
17, 4Doll A= 384 HAg 25 A8 A AV § @A eGSO TPCLT 415 8§ Ale} AA Ao]7t
a7 & Aoz EAFAT HA AU oA TPCLT A% A& A B AA 4 g2 17.72%2 YE
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<Table 3> Control delay and LOS when applying the optimization signal and TPCLT signal

Main line Left turn traffic percentage
traffic Signal type

petcentage 1000% | 2000% | 30.00% | 32.50% | 3500% | 37.50% | 40.00% | 50.00%

@ Optimization | 14.1(A) | 204(B) | 28.67(B) | 34.81(C) | 48.13(C) | 68.97(D) | 83.86(F) 180(F)

50% |@ TPCLT 1422(A) | 19.74(B) | 264(B) | 3026(C) | 35.62(C) | 48.18(C) | 61.15(D) | 167.56(F)
O-© 0.12 0.66 227 455 1251 20.79 227 12.44

@ Optimization | 14.15(A) | 21.33B) | 31.92(C) | 54.67(D) | 45.56(C) | 75.86(F) | 95.16(E) | 205.38(F)

55% | @ TPCLT 1376(A) | 19.6(B) | 26.63(B) | 3249(C) | 369(C) | 52.19D) | 59.6(D) | 164.77(F)
0-© 04 173 5.29 22.18 8.66 23.66 3557 4061

@ Optimization | 13.69(A) | 22.32(B) | 47.01(C) | 60.59(D) | 63.54(D) | 100.35(F) | 110.36(F) | 199.74(F)

60% | @ TPCLT 13.89(A) | 19.67(B) | 27.19B) | 38.6(C) | 35.46(C) | 61.82(D) | 7823(E) | 167.3(F)
O-@ 02 2.65 19.83 2 28.07 3853 2.13 3243

@ Optimization | 14.53(A) | 23.14(B) | 4547(C) | 68.65(D) | 79.13(E) | 95.18(F) | 149.33(F) | 194.93(F)

65% | @ TPCLT 14.14(A) | 19.15(B) | 30.92(C) | 36.01(C) | 44.51(C) | 60.37(D) 90(E) | 162.28(F)
O-© 0.39 3.99 14.55 32.64 34.61 34.81 59.33 32.65

@ Optimization | 14.94(A) | 2691(B) | 52.56(D) | 77.19E) | 66.2(D) | 100.71(F) | 92.27(E) | 174.33(F)

70% | @ TPCLT 14.82(A) | 21.16(B) | 332(C) | 44.42(C) | 58.74(D) | 66.82(D) | 85.37(E) | 160.24(F)
O-© 0.12 575 19.36 32.77 7.46 33.89 69 14.09

@ Optimization 17B) | 2695B) | 739@E) | 84.57(E) | 97.02(F) | 101.02(F) | 100.35(F) | 166.06(F)

75% | @ TPCLT 2324B) | 2271(B) | 45.13(C) | 64.8(D) | 64.82(D) | 76.82(F) | 89.6(F) | 152.03(F)
0-© -6.24 424 28.77 19.77 322 242 10.74 14.02

A AdEl el #4 23 g T #HA3A tirixize] &Fn FE20] 23 w5 F(Ddirection)©]
TFe o1&t we whe Atete] #H3H wTF e ol WE AT F F AAAAE vlas) & A

<Fig 5>} o] YeRdth TPCLTS} 384 A3 A5 289 #3314

D EF(Ddirection)®] H# Ao} A

AZ s 2 A3, ve grol 2 oI5kl A5 TPCLTS} 38A1e] AR Aol gho] AL Ao UEhgith, 19
o} ve gkl 201449) A% TPCLT A§ A, AR @47} 6 2 Zoz eyt

250

200

150

Delay

100

50

3sig

10

11

<Fig. 5> Control delay by v of left turn traffic(direction) when applying the optimization signal and TPCLT signal
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3X| wWAtZ2o| TPCLT(Twice Per Cycle Left-Tum) X2 ghot oi 3

TPCLT 4159} 38A] 23 A% 2§10 WAz F Ao} Ak 7 AzIke| XA Apol& gfste] 5
2o e nEY v LY 252 #3)A H)gd wat TPCLT A& A4 A &7/} =& 2ES <Table
4>9} o] AR HF F BES TPCLT 415 2§ A9} 384 HZ3} 215 2849 ws A4 2
o7} 10& o]3}el Fro & T A F7ke] XA o7} Zo} TPCLT A& Ag 37} AU vju)g Hiol
9 el A 38A HHS} A5 A8 A ok TPCLT A% 28 Al watze] 3 Ao AA| F27}
RRon, &9 = UFA AYAA Fe BEES TPCLT A& 24 Al 384 HH3} 25 2§ A 2ot

A A G3= Eo) watRe B Fo] E o3tz UE}
e &% SU7E 2ad HEonh

<Table 4> Control delay and LOS when applying TPCLT signal and differences of control delay when applying the
optimization signal and TPCLT signal

Main line traffic Left turn traffic percentage

percentage 10.00% 20.00% 30.00% 32.50% 35.00% 37.50% 40.00% 50.00%

scenario 1| scenario”.2.|-'sCenario” 3’| scenario 4 | scenario 5 | scenario 6 | scenario 7 | scenario 8

50% 14:22(K) 19:74(B) 26:40(B) 30.26(C) 35.62(C) 48.18(C) 61.15(D) 167.56(F)
(-0:12) (0.66) 227 (4.55) (12.51) (20.79) (22.70) (12.44)

scenario”9.-|-Scenatio10-{seenario. 11 scenario 12 | scenario 13 | scenario 14 | scenario 15 | scenario 16

55% 13:76(A) 19:60(B) 26.63(B) 32.49(C) 36.90(C) 52.19(D) 59.60(D) 164.77(F)
(0.40) (r73) (5:29) (22.18) (8.66) (23.66) (35.57) (40.61)

Seenario.17.-|.seeénario.-18.1.scénario 19 scenario 20 | scenario 21 | scenario 22 | scenario 23 | scenario 24

60% 13.89(A) 19.67(B) 27.19(B) 38.60(C) 35.46(C) 61.82(D) 78.23(E) 167.30(F)
(-0.20) (2:65) (18.83) (22.00) (28.07) (38.33) (32.13) (32.43)

seenario.25 .{.scenario .26 .| scenario 27 | scenario 28 | scenario 29 | scenario 30 | scenario 31 | scenario 32

65% 14.14(A) 19.15(B) 30.92(C) 36.01(C) 44.51(C) 60.37(D) 90.00(E) 162.28(F)
(0:39) (3:99) (14.55) (32.64) (34.61) (34.81) (59.33) (32.65)

scenario’.33".| scenario”’.34"| scenario 35 | scenario 36 | scenario 37 | scenario 38 | scenario 39 | scenario 40

70% 14.82(A) 21.16(B) 33.20(C) 44.42(C) 58.74(D) 66.82(D) 85.37(E) 160.24(F)
(0:12) (5:75) (19.36) (32.77) (7.46) (33.89) (6.90) (14.09)

scenario 41} scenario 42| scenario 43 | scenario 44 | scenario 45 | scenario 46 | scenario 47 | scenario 48

75% 2324(B) 2271(B) 45.13(C) 64.80(D) 64.82(D) 76.82(E) 89.60(E) 152.03(F)
(<6:24) 4.24) (28.77) (19.77) (32.20) (24.20) (10.74) (14.02)

TPCLT A5 A& Al a2 &3¢ ¢stol| 237} oty Adse 59 Fio sjdshe 22719 Alvele
ANA thallA 3PA HAs AE AE A& TPCLT A5 8419 FZ2E AAXAE -4 345oH,
243k A3 <Table 5>, <Fig. 6>, <Fig. 7>, <Fig. 8>3} 7t}

A2 AoAA ] HAghs AV EA <Table 5>¢ 2th FEEAA H3]H A7 AFHe B
23] A 1 B ((Ddirection) 2] 73-$ TPCLT A& & Al A7} 60.95%, 38A HA3 45 g A Xlxﬂﬂ
117702 50.75%2] AA a7t de A=z yehygth e mau A 2 EF(@direction)®] 73
TPCLT A& 2§ A 40.88%, 23} 38/ A& 2§ A 84602 E 438229 AA ZH4AE Yepid ﬂ%ﬁc}‘}

2 1FFY A4S A7 2FF(@direction)?} 3 W FF(@direction)®] F A% 7ke] XA Fol= 2+ -
236%, 37522 Ul o BT Z((Odirection, Gdirection)®] 7% 1% ©]3le] A|A| Ao]E& YElHT]H
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<Table 5> Control delay when applying the optimization signals and TPCLT signals

(Ddirection (2direction (Bdirection @direction (Bdirection (B)direction
Classification Optimi

mi | g p| OPUME | ppey op| OPUMI | oy | OPUME | gy | OPLM |y g OB |y
-zation -zation -zation -zation -zation -zation

scenario 4 | 55.44| 40.60| 17.20| 10.13| 24.89| 2243| 41.72| 4051| 74.69| 7424| 20.61| 20.78
scenario 5 | 80.26| 41.78| 41.02| 1228 | 2997| 50.63| 4829 | 3187| 75.09| 7545| 21.34| 2155
scenario 6 | 82.80| 40.89| 4592| 11.86| 72.32| 58.76| 93.97| 8197| 7395| 7550| 19.93| 20.03
scenario 7 | 110.30| 63.08 | 71.49| 33.05| 102.44| 9043 | 79.28| 66.17| 74.33| 7595| 20.10| 19.97

Average 8220 4659| 4391| 16.83| 57.40| 5556| 65.82| 55.13| 74.51| 7529| 20.50| 20.58
scenario 12 | 100.96| 47.82| 66.09| 20.00| 17.61| 16.94| 39.21| 3891 | 7459| 74.12| 1693| 17.49
scenario 13| 68.80| 4894 | 36.02| 22.58| 27.39| 25.14| 5023 | 47.60| 7630| 74.06| 18.44| 1698
scenario 14 | 131.07| 7552 | 96.89| 49.15| 33.16| 30.96| 56.55| 54.32| 7524| 7421| 18.05| 17.18
scenario 15 | 158.29| 7232 12594 | 4593 | 7427| 77.58| 49.61 | 53.34| 75.83| 74.83| 17.96| 16.77

Average | 11478 | 61.15| 81.23| 3442 | 38.11| 37.65| 4890| 4854| 7549| 7430| 17.84| 17.11
scenario 20 | 104.34| 5559 | 75.05| 32.86| 17.35| 16.53| 41.34| 41.99| 76.71| 73.96| 14.96| 1497
Main line |scenario 21 | 105.68 | 45.16| 76.92| 2388 | 21.84| 20.72| 47.64| 46.83| 7553| 74.08| 1506| 14.68
traffic 60% |scenario 22 | 176.58 | 91.68 | 146.88 | 70.51| 28.45| 27.80| 5544 | 5453| 75.66| 74.04| 14.75| 14.83

Average | 128.87| 64.15| 99.62| 4242| 2255| 21.68| 48.14| 47.80| 7597| 7403 | 1492 | 14.83
scenario 27 | 73.68 | 40.94| 46.78| 22.75| 39.61| 39.89| 1245| 13.02| 76.99| 7476| 11.99| 1201
scenario 28 | 112.95| 47.46| 87.96| 2934 | 1536| 1583| 43.76| 44.16| 7695| 74.33| 11.90| 12.12
scenario 29 | 130.12| 59.58 | 105.54 | 42.13| 19.03| 19.29| 48.79| 49.16| 7496| 7426| 12.02| 12.39
scenario 30 | 154.55| 81.93| 131.47| 63.80| 23.43| 33.71| 56.02| 6249| 7538| 7346| 1241| 1187

Average | 117.82| 57.48| 9294| 39.51| 2436| 27.18| 4026| 4221| 76.07| 7420| 12.08| 12.10
scenario 35| 79.34| 4207 | 59.12| 2751| 42.50| 4347| 11.85| 11.53| 7621| 75.04| 955| 973
scenario 36 | 121.22| 5924 | 100.84 | 44.60| 13.51| 1325| 4530| 46.95| 7531| 7559 9.81| 9.56
scenario 37 | 98.53| 8127| 7894 | 67.63| 1584 | 1507| 5024 | 5092| 75.87| 75.77| 10.02| 9.65
scenario 38 | 156.15| 91.82| 135.66 | 77.86| 2220| 21.08| 59.95| 58.75| 7494| 7442 959| 950

Average | 113.81| 68.60| 93.64| 54.40| 23.51| 2322| 41.83| 42.04| 7558| 7521 9.74| 961
scenario 43 | 98.27| 47.85| 8252| 37.19| 3.07| 41.81| 41.58| 452|176.16| 185.60| 22.55| 23.96
Main line |scenario 44| 116.30| 8098 | 99.69| 7029 | 3.27| 5.01| 4333| 4329 175.85| 169.04 | 20.30| 18.85
traffic 75% | scenario 45 | 136.51| 76.80| 119.47 | 66.75| 3.77| 527| 45.12| 4495| 178.35| 18623 | 19.44| 24.95
Average | 117.03| 68.54| 100.56| 58.08 | 3.37| 17.36| 43.34| 3092 176.79| 18029 | 20.76 | 22.59

Total Average delay by
direction

Main line
traffic 50%

Main line
traffic 55%

Main line
traffic 65%

Main line
traffic 70%

11170 | 60.95| 84.69| 40.88 | 28.46| 30.82| 48.04| 4429| 93.12| 9301| 16.02| 16.19

Optimization delay

TPCLT delay 5075 4382 -2.36 375 0.11 0.17

S 2 HE2E Ao A HHghs A
%'SPOC] Hlﬂ'%@'@ J-EHE% <Fig. 63 #t} & FWF wFEF HlEo 0%°] A5, #H3H aFgol
10~50%%1 7-9-9] Avele A3 ghe] Bege 4t - E443%, FEZ| Ddirection,
direction?] A A= & = Uebt o thaFE<l @dlrchon @direction®] AAE= =
= AastAY T 3 Ao ' vtk =29 Gdirection, Gdirection®] ¢ AA zko]7t A gle A
o2 Yehth
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(OPtimi-20
zation 4,
delay)

{TPCLT 10
delay)

Didirection Tidirection direction Sidirection Sidirection B direction
Direction

=—Main line traffic 50% —=Main line traffic 55% Main line traffic 60% Main line traffic 65% -=—Main line traffic 70% —=—Main line traffic 75%

<Fig. 6> Differences of control delay by main line traffic volume when applying the optimization signal and TPCLT signal

TPCLT & A9} 3@ 9] HZ3} A5 280 AR F AP wEFel 0E w2 % AlAA A E
w-gAel] BE <Fig. 7>3 2tk 24 A3, TPCLT 28 A, Aju sl we axz F B AojAA 7}
3N HA3 A% A8 A B A debgt 384 223} 5] 4, A3 el 9 FF ol
S7hete wERel S A7t AAFE LR SIS %%01] 3] A= TPCLTR T w53 A
gl B8] W Zi_i Uehton, TPCLTS] 749 919} 22 1% F Aol AS 4,400th o]4e] wEF A
7k PV, wAR F AoIAA T 70% ol3E 3 HAgL 2s A8 Al Hop uke Zlo g vyt

FERO 233 aFF(Ddirection)®] 2] aF ol o Hat AIAAE vlws) & A3, <Fg. 8>3} o]
UERgt TPCLT 28 Al 334 A3} A5 28 A B} U W& AA = ag7 A7t 7hsd o2 veps
o 38A HA3 AE A Al J3A A2 wsiFe] 7l wek AAIZE EobAl= A o= UEhgt ot TPCLT
AE HE Al 9 A F7Ee] Fol 3AA HZ3 AT A8 A B} WA et =3 TPCLT 26 A 1003
o3kl AlAAAE Ueh oLt 33 o) H#3} A50) A AAAAT} 1702 7HA] S7FhE A2 YER

it
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<Fig. 7> Control delay by traffic volume when applying the optimization signals and TPCLT signals
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<Fig. 8> Control delay by traffic volume of left turn((Mdirection) when applying the optimization signal and TPCLT signal
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<Table 4>l TPCLT A% & A w2 &3 g3t 397} gy ddse ¥ d 2230570 Ay
g3 59 = Hlaol AYAA e FEAUN Ave )l st 26709 AlvtE] oA a4 33
A HA3L As A8 A9 TPCLT A5 A&A19 HZ2E AofAAE vlu-E&4 sttt

Bl X1 FE2o sgE s 15719 Alvele HE2E AXA &3 Aluel L] Hi AofAA & v
3 & A3, <Fig. 9> Zo] UESTH TPCLT 415 A& A, 384 HA3 A5 J& Al Bt AAle B
YeRou AA Apo] gro] A ¢ ZoE YEgom F Als WO Alue] e tiREA wAtE F
AAZA7F 30z 3R AMH|2 £F B oS YERATH AlUEl o] HIE2E AofAA Y FHits AHE
H, <Fig. 10>3} o] el FE2ol4 231d 257} Al gss $ake] 234 2% F(Ddirection) 2} 22
ko] AR W B 7 (@direction)®] 79 TPCLT A& 28 Al A ZHa7t de A& Yehgon), stz
A7 AEF(@direction) 2 FE 29 F3]H IEF(Bdirection), 334 1 5F(@direction)®] %% TPCLT
A8 Al AA7E solve A& YERTH

Lo

P
SCENEriDA]  e——

s} ——— 0 iz
scEnario 33 m— &

scenario 26
SCENEMD 15— 50

scenario 19

SCENATI 18 E;;. 4788
scenario 17 - GRT72
scanar?o]l 30
L 20 —]
iZ:Z[IT —_— 10 1411 2196 =382
scanarioi [ o - ﬁ e
(1] 5 10 15 20 Del%%ﬂ 30 35 40 a5 50 Tidirection Edirection Sdirection @direction Sdirection Edirection
u TPCLT 3sig mTPCLT 3sig
<Fig. 9> Control delay when applying the optimization <Fig. 10> Average of control delay by directions when
signal and TPCLT signal(Slanting line sections) applying the optimization signal and TPCLT
signal(Slanting line sections)
scenario 48 200
SCENArio 47 e ———— 197.05
scenario 45 iy 175.37 160.43
scenario 40
SCENArio 39 n——— 1720
scenario 32 é 107.22
scenario 31 © 80
scenario 24
scenario 23 a0
scenario 16
scenario 8 .
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TPCLT il m 3sig mTPCLT 3sig
<Fig. 11> Control delay when applying the optimization <Fig. 12> Average of control delay by directions when
signal and TPCLT signal(Red line sections) applying the optimization signals and TPCLT

signals(Red line sections)

89 wE uZo] AAA g BEo APHE 1A At el Hoed AoiAA @t Av e
B AR A gk sl B AT, <Fig 11>7 2ol UEsth TPCLT 4% A8 A 384 H=3h 48 4
no 32 & AAAE WA Ueptor BE Aueledld T A5 A& A BE 3= & AojAA7
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70z ©]/¢ o2, AH|x §2Fo] E o]stZ et /\]Ura] 29 A2 AAAA Y Htghs AW EA, TPCLT
A& A, 384 AR A8 A B BZE ek aFFAA HiE AloJAA gho] WA YEl e, F Al BF,
$3)A 2 EFH(Gdirection)S A| L3 ZE W 0 E 9] B AARA ghol 70z ©]/F o2 Vel T<Fig. 12>

2. uXlZ2 F3H™ X2 2o/0f [E 2o 20}

o 2elHQl §F Hust B B

AL

TPCLT A& 2§ A w2 &3} ¢hsbo] G347} Jrhal Aeks = 7

w2 BA7E He TRl 23 A2 gt ol mE XA WskE $48}7] $18), <Table 4>2] TPCLTS}
384 HH3E vlal FA7 T A, TPCLT 28 Al M2 425%0] Dol A3} A& 28 A Au] 2 3]
E7} HE AUE]2 7, 15, 22, 30, 38, 459 thate] 7t #4498 G siFEHE Alue] 2ol s, 23]
A dgapze dojo tﬂr% Aul 2 g HEE vlalEAs] s, A4 23 A2 Dol 10%E FE
3k5E WHE 100%E SR SHlS o 744 Avel e 60hE FUHE FEse] $4E Sl

60709 AutEl e W 3 #3H A2l <Table 5> 2tk 7 AvheE] o1 #3)d wE el e,
A 23 Az dololA 10%5 SR FHE 100%E SR 749 34 A2 ZolE A=
H, 234 22 o] g wFFe] weh AU eE 7S

A
ﬁ

o(l
E

<Table 6> VISSIM analysis scenarios according to length of left turn lanes

Main line
traffic Trafﬁc. Vd}lme by Length of left turn lane
Direction
percentage

(Ddirection | 770 | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
50% (@direction | 1,155 | 7-1 72 7-3 7-4 7-5 7-6 7-7 7-8 7-9 7-10
v (direction | 1,733 | 17m 34m 51m 6868m 86m 103m 120m 137m 154m 171m
@direction | 193 | (10%) | (20%) | (30%) | (40%) | (50%) | (60%) | (70%) | (80%) | (90%) | (100%)
(Ddirection | 847 | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
559 (@direction | 1,271 | 15-1 15-2 15-3 15-4 15-5 15-6 15-7 15-8 159 15-10
° | Gdirection | 1,559 | 20m | 39m | S9m | 78m | 98m | 118m | 137m | 157m | 176m | 19%m
@direction | 173 | (10%) | (20%) | (30%) | (40%) | (50%) | (60%) | (70%) | (80%) | (90%) | (100%)
(Ddirection | 866 | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
60% (@direction | 1,444 | 22-1 22-2 22-3 22-4 22-5 22-6 22-7 22-8 22-9 22-10
0 (direction | 1,386 | 21m 42m 63m | 8484m | 105m | 125m | 146m | 167m | 188m | 209m
@direction | 154 | (10%) | (20%) | (30%) | (40%) | (50%) | (60%) | (70%) | (80%) | (90%) | (100%)
(Ddirection | 938 | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
65% (@direction | 1,564 | 30-1 30-2 30-3 30-4 30-5 30-6 30-7 30-8 309 30-10
0 (direction | 1,213 | 24m 48m 72m 96m 120m 143m 167m 191m | 215m | 239m
@direction | 135 | (10%) | (20%) | (30%) | (40%) | (50%) | (60%) | (70%) | (80%) | (90%) | (100%)
(Ddirection | 1,011 | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
70% (direction | 1,684 | 38-1 38-2 38-3 38-4 38-5 38-6 38-7 38-8 389 38-10
0 (Qdirection | 1,040 | 27m 54m 82m 109m 136m 163m 190m | 218m | 245m | 272m
@direction | 116 | (10%) | (20%) | (30%) | (40%) | (50%) | (60%) | (70%) | (80%) | (90%) | (100%)
(direction | 1,011 | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario | scenario
75% (@direction | 1,877 | 45-1 45-2 45-3 454 45-5 45-6 45-7 45-8 459 45-10
0 @direction | 866 28m 5Tm 85m 114m | 142m | 170m | 199m | 227m | 256m | 284m
@direction | 96 | (10%) | (20%) | (30%) | (40%) | (50%) | (60%) | (70%) | (80%) | (90%) | (100%)
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A, HA5) 38A A5 A8 Al A 3 H A2 AoloA 40%, 50%E FH AT GF A

Q9 WAR AJA AT} 0% o)F O R Aul2 FF EolstE UEFATE TPCLT A5 A& A9 A%l
HA 237 A2 dolofA] 40%7 FHG Ao E BE Ay 204 AH|2: 0] D o]0 2 L}
ot AA H3)H A2 dolellA 70% ol H3H z}i ZolE grgk 7o AT HE A AR
AARA A =pol7} 10& W] o 2 Ve TPCLT A% 2§ &3} xpo|7t 4 ¢S A o2 vehgth

o T
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>,\I -11'1

Losp | LOSD |
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<Fig. 13> Control delay according to length of left turn <Fig. 14> Control delay according to length of left turn
lane when applying the optimization signals lane when applying the TPCLT signals

23 A A2 Ao|¥E TPCLT 415 A3} 338 415 A EAY watz Ao] A AE vudg 24
A 22 dolo| wal, TPCLT 415 A& A 77} & BES <Table 6> 7o) A EHTE B2
<& TPCLT A& A& Ao} 38A] HA3} 25 A8 o] WAtz AA| zto]7h 10 o]akel FHoE
7re] A A zo|7}F Zro} TPCLT A& & @zt AV w3k 7 HO]E} =9 789 4
A5 A Al Boh TPCLT 48 A& A nA29] F Ao AA a7t & FEolH, Ha =%
AA & FE2 TPCLT A& A& A nAR9 AH|2 £F0] E FF 9 o}i ety nxt2 23 43lE
AlME EYH &% So7F 248 FEojth

o
o
>
B
»
o

<Table 7> Differences of Control delay according to length of left turn lane when applying the optimization signals
and TPCLT signals

Left turn lane length

Classification
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Scenario 7 133.67 | 108.06 80.69 59.55 54.35 51.95 52,05 5102 50.29 50:22
(Main line traffic 50%) | (6.37) | (10.87) | (33.46) | (38.82) | (27.03) | (13.78) .7 (6.92) (7.89) (7.26) (6.22)
Scenario 15 132.16 | 101.50 65.72 58.02 52.90 50:68 45:87 44:29 42:86 42:28
(Main line traffic 55%) | (6.07) | (21.14) | (50.73) | (37.73) | (21.54) }.1(9.22) (7.02) (4.02) 0:69) (0:60)
Scenario 22 108.88 90.83 83.17 54.52 39.24 35.38 32.68 3237 3178 31.02
(Main line traffic 60%) | (30.32) | (30.23) | (18.25) | (26.98) | (20.61) | (11.39) | .(8:94) 3:05) (2:95) (1:89)
Scenario 30 129.38 | 102.00 68.80 48.25 40.16 33.37 32.70 31.99 31.70 30.68
(Main line traffic 65%) | (7.23) | (21.33) | (28.69) | (31.33) | (13.83) | (14.49) |- (8:76) (3:22)1.7(<0:95) Q.01)
Scenario 38 107.87 91.98 72.76 44.98 35.05 29.35 2945 28.61 28.54 27.84
(Main line traffic 70%) | (20.69) | (21.07) | (15.45) | (25.47) | (18.66) | (10.93) [.“(6:59) (3.36) (2.44) (2.65)
Scenario 45 11131 76.36 55.33 47.20 38.60 3402 32:80 30:63 311 30:81
(Main line traffic 75%) | (13.41) | (33.74) | (30.20) | (11.81) [.-(4.52) 4.57) (1.78) (1:48) (-0.13)-"4(-0.01)
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V.4 &

TPCLTE & F7]° 7 Wo| #3d WS E Agste Vs £F WHo=Z #3)d wEdol B A4 #
A A= Aol FHI} o wARAM A E e AE 29 R oItk o] i wAtRe
A AHEEF ol glow, A 29 T ZAEE o= TPCLT A2 29 &35 #4938 23

A2 T YA il SRl Aoz AAstaL

E Ao @A A &9 H3 e TPCLT 259 F4 weto] dis) Arsbr] 98, 3k 34
WARE T wAR| WP nTFE S 2 AeAA wTFE TPCLT AS 28 Al aatze] A
XA i EAE 3P A A5t vaFHsGe. FEEG FER wEF HlE&2 TPCLT A%
b AR 29 H gl 5 38410 =] T wxEe] FREe FERe] WE &S skl
AAsgor 24 F aedFE =9 A7 AR B3 wEEe| of 85%< sl wARe] & EI ¢

2l 4,600t/A 2 7H St AU 5 B4 34 AR FEE TUE nEFES 50%14 75% 7HA
Z7MN712, FE2Y FH3H BEFS 10%904 50%7HA Z7A A Z+2+e] Avke] 2o tisiA TPCLT A&
74% A Ao F AoA A9} W Aojx Ao A &IE BASAY. =3 23d A2 dold u
CLT 2§ "4t °4?LE A, FH3)H g gl w}— AA 237 A2 dolol| A H3IH AZE 10%E
Ef‘f} S5E 100%5 FHS A97HA Ay L =3t F 108719 AlUel g EAstATh
AT B AT FE53 tiokre] AluE OOM TPCLT A& A& A AA Zadd a37F sle A
o2 Yeiytth U 1% 4 1€ Faglol 37 w5 vlgo] 10%~30%<] 75 TPCLT 21& &
Al ZITE GAY PEE Ao b}E}‘a‘Etﬂ, #3134 w5F vgo| 30%~40%2 7$ TPCLT A& A& A
AR F AARAY A 2 AoE JehTh 3 H mEF v L] 40% o) A= 38A
A3}t 4215 A8 A Boh TPCLT 48 A wat2e] F AlojA A= 7F4sht matE o] Au|2s %] E o3t
2 A= B &% Fovt Ba% Ao F YEhyith
#3d wFF ol 10:30%% A9 7€ HAS 3PN A5 &9 e RE #H3H wER{ At b
ste] F7HAQl wBASE o] B A% Zo 2 Yepytth #3)d Hl& 1 40% ©)’&21 7%, TPCLT -84
38A A5 A LA Boh wARE AAVE Zasta, o B A3 wE R/ AUt vk oM Aul2~ FF] B
olst® EAEo], &% wFF AHeE HMAE H3H A2 §F Tt 22 EA o] Bad A
o2 JEeRTh
AZZ ¥ AAAAE v 23, TPCLT 2% 2§ Al FE2 F H32 257} AgHs BT 2%
7o A5, AN oF 44x, F3H2 oF 50%9 XWI s YeEbdom, Atz A1 o 22 A7}
F7FFA L 31 oF 3% AAVF AT FEE] A9 AA Ao|7} oF 0.1%E UENTH
3| W 2p2e] dolo] mE TPCLT 3§ &3 l‘\fju Az, 3] H A2 dolE AA A3 A A=E dof
A 30%~60% ZEF 7%, TPCLT A5 A& A, 384 HH3s} A5 A48 A Bty watz &3 gsfo] &3}
7b g & Ao E JERTh
TPCLT A3 dutdoz watzo| H&EE A5 &9 AAe} b 3 F7]ol & 4 u5F
@ AA It =3 A A7IAYGe dF wARE HFOE AW
Q&3kA] ke Az & AAolt). olo wel, TPCLT 3 & A, B2
o7 ZEFoF & Aolth TPCLT AT & 3|3 15
A2 Zo] SRyt oy wAR H83HS wf AFARI
olt}. olof] we}, TPCLT 41& A8 118 Aol 3| A2 do|, F7] Zo] g dA|, JPrT9
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i 2 JARso BYPAZE 5 F w2 did AR HEE $H0 2 ds)of & Zlolt). o]
g FEAR HES AA uARe| o] oy ddE A9, TPCLT 1§ o5& 18 & + Utk
TPCLT & Aol TPCLT A5 A|A] g bl & 9] FA A& F13] AAste] &7} 7|1& <5
g AE &G AAE dSste] Sdske dF 2L 5 SAVE AR REE FsjoF & Zojth =g,
TPCLT *JJFLA A, 38A Ase g, FEE HIH A5 AT F FEEY tAE A A5t
AFEHEZ old w2 AR my &7], Atz ] Aag 434 2] Al A Soll did 1=

el O]TO']Z;] of & Zlo|t}.
B AFME 34 nAZE YO TPCLT 415 & oS BA3IHAT 44 WAZE
F7F #40] Bod Z10F A Bty B YAs g 3
T2E 1AW F7F BY =3 9 @ oz wrkdn, 3
%_

H] 1

Nt

< 4,600t/A 2 FH3IA B0 FYPHonE WaR 9
Z W% ol o2 TPCLT 9 3dA| A59] Frfol tigh
k.
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