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Nomenclature

Flow rate for lhour(veh/h/1)

No. of vehicles observed for unit time(veh)
Unit time(lhour)

Time headway of each vehicle i(sec)

Each vehicle i(veh)

Space mean speed(km/h)

No. of vehicles observed at station i(veh)

No. of stations within segment

Spot mean speed observed at station ¢(km/sec)(km/h)
Mean time headway(sec)

Mean distance headway(m)

Density (veh/km)

Buffer index

Planning time index

95th percentile travel time(sec)

Travel time by regulatory speed of expressways(sec)
Regulatory speed of expressways(100km/h)
Additional travel time(sec)

Distance of segment(15km)

95th percentile speed in ascending order(km/h)
Planning time(sec)

Correlation coefficients for paired samples

Covariance of U, and 7} for paired samples

K3

Standard deviation of U, for paired samples



Sz, Standard deviation of 7} for paired samples

U, Space mean speed lane calculated at ¢—th lane and j—th
hour (km/h)

Ty Planning time by reliability calculated at j—th hour(%)

m No. of paired samples

U Space mean speed at the 3 lane(km/h)

B; Regression coefficients( j=0, 1)

T eal Planning time( 7}) calculated(sec)

Tre Planning time( 7) expected(sec)

t, t statistic of matched paired samples

Sp Standard deviation of difference in 7j,, and Tj,. (sec)

D Mean of difference in 7}, and 7}, (sec)

D, Difference in i—th T, and 7} . (sec)

RMSE Root mean of squared error in 7., and 7, (sec)
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Predictive Models of Planning Time in Expressways By
Travel Time Reliability
—By Lane—Based Space Mean Speed-—

Yeon Woo Jeong

Department of Givil and Environmental Engineering,

Graduate School, Korea Maritime and Ocean University, Busan Korea

Abstract

Since Gyeongin expressway was firstly built between Seoul and Incheon
in Korea in 1968, around 32 routes of expressways have built based on
the metropolitan cities including Seoul and Busan in Korea until now open.
However, most expressways in Korea are suffering from transportation
problems with increased traffic volumes and high proportions of heavy
vehicles in the traffic, because they are based on a few metropolitan cities
and are not properly linked with the small cities in the country. Thus, it
is strongly needed to improve the expressway traffic management system
with traffic characteristics—related studies at the basic expressway
segments.

The purpose of this study i1s to 1identify the lane traffic
characteristics(volume, speed, and density) at the 8—lane basic segments
of Gyeongbu and Namhae expressways, conduct correlation analysis
between lane—based space mean speed and planning time by travel time
reliability at the basic expressway segments, and finally select the most

appropriate regression model between the space mean speed by lane and

_Xi_



the planning time by travel time reliability at the basic expressway
segments.

From the traffic characteristic analysis, correlation analysis between the
space mean speed by lane and the planning time by travel time reliability,
and modeling between lane—based space mean speed and planning time at

the basic expressway segments, the following conclusions were drawn:

1) Traffic analyses appeared to show a distinct difference in traffic
characteristics by the direction, the lane, the day of the week and the
time of day. So, they proved that the expressway traffic management
system(ETMS) such as advanced traveler management systems/advanced
traveler information systems(ATMS/ATIS) by the direction, the lane, the
day of the week and the time of day could be very effective in improving

the effectiveness of expressways.

i1) Correlation analyses appeared to show a high correlation between
the space mean speed(SMS) by lane and the planning time by travel time
reliability. So, they proved that the SMS at the 3 lane for the
medium—sized vehicles could have the highest correlation with the planning
time, and the SMS at the 1° lane for the passing vehicles had the lowest
one with the planning time regardless of the direction, weekday and

weekend in the basic expressway segments.

ii1) Regression analyses appeared to show the highest coefficient of
determination between the SMS at the 3™ lane and the planning time by
the travel time reliability. So, they proved that linear model based on the

SMS at the 3™ lane could be more effective in predicting the planning

- xii -



time by the travel time reliability with the high explanatory power and
validity at the 95 percent confidence level, regardless of the direction,

weekday and weekend.
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Table 3.1 Geometry of expressways under the study

Gyeongbu(EX-1) Namhae(EX-10)
Total Segment Total Segment
Length(km) 416.0 4X15=60 273.1 4x15=60
Number of Lanes 4 to 10 8 4 to 8 8
Regulatory Speed (km/h) 100 100 100 100




Table 3.2 Stations selected for analyses in EX-1(unit: km)

Station EX-1(NB) EX-1(SB)

No. Seg 1 Seg 2 Seg 3 Seg 4 Seg 1 Seg 2 Seg 3 Seg 4
Station 1 121.90 | 137.50 | 151.30 | 166.07 | 123.60 | 137.50 | 151.30 | 167.07
Station 2 122.70 139.80 152.14 167.95 125.60 138.60 152.14 169.81
Station 3 124.50 140.84 155.02 168.84 126.50 139.80 155.02 170.84
Station 4 126.50 143.12 157.14 172.50 128.40 143.12 157.14 172.72
Station 5 127.40 144.11 158.46 173.61 129.40 144.11 161.29 174.89
Station 6 128.40 | 145.60 | 159.94 | 174.89 | 131.30 | 145.60 | 162.46 | 176.72
Station 7 131.30 147.54 161.29 176.72 133.20 148.50 163.31 177.62
Station 8 122.30 148.50 162.46 178.51 134.50 148.97 164.25 179.53
Station 9 133.20 149.92 164.25 179.53 135.70 149.92 165.22 181.53
Table 3.3 Stations selected for analyses in EX-10(unit: km)

Station EX-10(EB) EX-10(WB)

No. Seg 1 Seg 2 Seg 3 Seg 4 Seg 1 Seg 2 Seg 3 Seg 4
Station 1 69.80 86.60 96.20 132.25 69.80 86.60 98.80 132.25
Station 2 71.40 86.90 98.80 133.20 71.40 87.40 99.70 133.20
Station 3 72.30 87.40 100.40 134.90 72.30 88.50 100.40 134.90
Station 4 74.90 88.50 102.20 | 136.85 74.90 89.40 102.20 | 136.85
Station 5 75.60 90.55 104.50 | 138.30 75.60 91.60 103.35 | 138.30
Station 6 81.50 91.60 105.70 139.05 81.50 92.60 104.50 139.05
Station 7 82.75 92.60 106.70 140.95 82.75 93.60 105.70 140.95
Station 8 83.70 93.60 108.70 | 142.00 83.70 94.60 106.70 | 142.00
Station 9 84.60 94.60 111.30 144.00 84.60 96.20 108.70 144.00




Gyeongbu(EX-1) Namhae(EX-10)

Figure 3.1 Expressway segments under the study

32 A= 4

AT G FAKkmANA FHE AR F 2 FHF(volume)S 1A ZHES] 9]
WEFEE A, S5(speed)= T F <5 E(space mean speed)=
st om, WE(density)e 1A BHEER At ATh E=3F TR
AT ETE TN AHA 1EY A=E 95HA #WE(95th
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321 nE%F 24

per hour per lane(veh/h/Do.2 FIFHH, t53 22 AMAAS T3 54
HAol AE-3 THTRB, 1975).
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3D Flow Graph at L1 of EX-1(NB)

3D Flow Graph at L2 of EX-1(NB)

3D Flow Graph at L1 of EX-1(SB)

Figure 3.2 3D Flow graph by lane in EX-1(NB)

3D Flow Graph at L2 of EX-1(SB)
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Figure 3.3 3D Flow graph by lane in EX-1(SB)



3D Flow Graph at L1 of EX-10(EB)

3D Flow Graph at L2 of EX-10(EB)
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Figure 3.4 3D Flow graph

3D Flow Graph at L1 of EX-10(WB)

by lane in EX-10(EB)
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3D Flow Graph at L2 of EX-10(WB)
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Figure 3.5 3D Flow graph by lane in EX-10(WB)
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Table 3.4 Flow analysis in EX-1(NB)(veh/h/l, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 829 +52 825 +52 981 +76
Min 101 -82 105 -81 86 -85
%i];)l Avg 546 - 542 - 558 -
AM-Peak - - 825 +52 - -
PM-Peak 829 +52 - - 981 +76
Table 3.5 Flow analysis by lane in EX-1(NB)(veh/h/l)
Direction Statistics 1st Lane 2nd Lane 3rd Lane 4th Lane
Max 1,061 1,024 747 500
Min 33 103 116 134
Week Avg 634 678 509 365
AM-Peak = - - -
PM-Peak 1,061 1,024 747 500
Max 1,110 1,029 751 508
Min 32 99 122 153
Weekday Avg 614 664 505 383
AM-Peak 1,110 1,029 751 508
PM-Peak - - - -
Max 1,312 1,189 895 526
Min 36 115 97 87
Weekend Avg 684 713 518 319
AM-Peak - - - -
PM-Peak 1,312 1,189 895 526

27



Flow Distribution in EX-1(NB)
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Figure 3.6 Flow distribution in EX-1(NB)




Table 3.6 Flow analysis in EX-1(SB)(veh/h/l, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 1,031 +81 1,010 +78 1,084 +88
Min 123 -78 126 =78 115 -80
EgB‘)l Avg 571 - 568 - 576 -
AM-Peak - - - - - -
PM-Peak 1,031 +81 1,010 +78 1,084 +88
Table 3.7 Flow analysis by lane in EX-1(SB)(veh/h/l)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 1,384 1,255 884 601
Min 46 124 155 159
Week Avg 653 706 527 395
AM-Peak = - - -
PM-Peak 1,384 1,255 884 601
Max 1,362 1,239 855 597
Min 41 113 155 168
Weekday Avg 637 697 527 412
AM-Peak - - - -
PM-Peak 1,362 1,239 855 597
Max 1,467 1,297 958 613
Min 58 149 126 124
Weekend Avg 692 729 530 354
AM-Peak - - - -
PM-Peak 1,467 1,297 958 613
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Table 3.8 Flow analysis in EX-10(EB)(veh/h/l, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 703 +90 652 +86 877 +111
Min 52 -86 52 -85 48 -88
Eég)o Avg 370 - 352 - 416 -
AM-Peak - - - - - -
PM-Peak 703 +90 652 +86 877 +111
Table 3.9 Flow analysis by lane in EX-10(EB)(veh/h/l)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 855 877 670 414
Min 14 59 69 54
Week Avg 377 477 369 256
AM-Peak = - - -
PM-Peak 855 877 670 414
Max 777 828 616 403
Min 12 56 67 59
Weekday Avg 341 452 351 261
AM-Peak - - - -
PM-Peak 777 828 616 403
Max 1,126 1,050 842 491
Min 17 68 63 42
Weekend Avg 466 540 414 244
AM-Peak - - - -
PM-Peak 1,126 1,050 842 491




Flow Distribution in EX-10(EB)
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Figure 3.8 Flow distribution in EX-10(EB)




Table 3.10 Flow analysis in EX-10(veh/h/l, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 660 +76 636 +76 754 +83
Min 52 -86 51 -86 53 -87
E(i;_é)o Avg 375 - 361 - 413 -
AM-Peak 660 +76 636 +76 754 +83
PM-Peak - - - - - -
Table 3.11 Flow analysis by lane in EX-10(WB)(veh/h/l)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 727 865 646 408
Min 17 65 72 ol
Week Avg 370 497 383 253
AM-Peak 727 865 646 408
PM-Peak = = - -
Max 678 834 624 410
Min 15 60 70 56
Weekday Avg 342 473 368 260
AM-Peak 678 834 624 410
PM-Peak - - - -
Max 906 978 729 404
Min 19 7 73 40
Weekend Avg 440 957 420 234
AM-Peak 906 978 729 404
PM-Peak - - - -
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Flow Distribution in EX-10(WB)
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3D Speed Graph at L1 of EX-10(EB)
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Table 3.12 Speed analysis in EX-1(NB)(km/h, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 106 +6 104 +6 110 +9
Min 92 -7 89 -9 100 -4
%i%)l Avg 100 - 98 - 105 -
SD 3.7 - 4.3 - 2.7 -
Var 13.6 - 18.3 - 7.2 -
Table 3.13 Speed analysis by lane in EX-1(NB)(km/h)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 129 111 97 85
Min 113 100 87 7
Week Avg 119 104 92 81
SD 4.1 2.8 2.7 6.9
F-test 0.587 0.179 0.148 0.111
Max 127 109 95 83
Min 113 99 85 74
Weekday Avg 119 104 90 78
SD 3.6 2.5 31 2.6
F-test 0.409 0.012 0.135 0.022
Max 133 116 101 91
Min 112 102 95 81
Weekend Avg 120 107 98 87
SD 6.0 3.7 2.1 3.2
F-test 0.000 0.131 0.199 0.392




Speed Distribution in EX-1(NB)
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Figure 3.14 Speed distribution in EX-1(NB)




Table 3.14 Speed analysis in EX-1(SB)(km/h, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 104 +5 102 +9 107 +3
Min 90 -9 88 -10 96 -7
EgB‘)l Avg 99 - 97 - 103 -
SD 3.3 - 3.8 - 24 -
Var 10.8 - 14.2 - 5.6 -
Table 3.15 Speed analysis by lane in EX-1(SB)(km/h)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 127 107 94 83
Min 111 99 86 76
Week Avg 119 104 91 80
SD 5.0 2.5 2.0 2.1
F-test 0.049 0.179 0.019 0.042
Max 126 106 93 81
Min 110 98 84 6]
Weekday Avg 118 103 89 78
SD 4.9 2.4 2.1 1.7
F-test 0.217 0.040 0.008 0.000
Max 130 111 99 91
Min 111 101 91 78
Weekend Avg 120 106 96 86
SD 5.7 3.0 1.9 3.7
F-test 0.000 0.273 0.356 0.041




Speed Distribution in EX-1(SB)
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Table 3.16 Speed analysis in EX—10(EB)(km/h, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 105 +5 104 +9 108 +4
Min 90 -10 88 -11 95 -8
Eég)o Avg 100 - 99 - 104 -
SD 3.7 - 4.1 - 2.9 -
Var 13.8 - 16.7 - 8.5 -
Table 3.17 Speed analysis by lane in EX—10(EB)(km/h)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 122 107 99 89
Min 113 101 88 78
Week Avg 117 104 95 84
SD 2.5 1.7 2.8 3.0
F-test 0.078 0.000 0.188 0.296
Max 121 106 98 86
Min 112 100 87 7
Weekday Avg 116 104 93 81
SD 2.4 1.6 3.0 24
F-test 0.012 0.000 0.140 0.014
Max 123 110 103 97
Min 111 102 92 80
Weekend Avg 117 106 99 89
SD 35 2.2 2.5 4.8
F-test 0.416 0.168 0.429 0.020
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Speed Distribution in EX-10(EB)
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Figure 3.16 Speed distribution in EX-10(EB)




Table 3.18 Speed analysis in EX—10(WB)(km/h, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 103 +4 103 +9 106 +3
Min 91 -8 89 -9 97 -6
E(i;_é)o Avg 99 - 98 - 103 -
SD 3.3 - 3.7 - 24 -
Var 10.7 - 13.5 - 5.8 -
Table 3.19 Speed analysis by lane in EX—10(WB)(km/h)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 118 107 98 87
Min 111 101 88 78
Week Avg 114 104 94 83
SD 1.8 14 2.5 24
F-test 0.007 0.000 0.228 0.163
Max 117 106 97 85
Min 109 101 86 7
Weekday Avg 114 103 92 81
SD 1.9 14 2.6 2.1
F-test 0.003 0.000 0.123 0.008
Max 122 111 102 95
Min 112 103 93 80
Weekend Avg 115 105 99 89
SD 2.6 2.0 24 3.7
F-test 0.688 0.3%4 0.918 0.040

48 —



Speed Distribution in EX-10(WB)
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3D Density Graph at L1 of EX-1(NB)

3D Density Graph at L2 of EX-1(NB)
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3D Density Graph at L2 of EX-10(EB)
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Table 3.20 Density analysis in EX-1(NB)(veh/km, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 8.3 +23 8.2 +51 9.6 +80
Min 1.1 -80 1.1 =79 0.9 -84
%i?};)l Avg 54 - 54 - 5.3 -
AM-Peak - - 8.0 +48 - -
PM-Peak 8.3 +53 - - 9.6 +80
Table 3.21 Density analysis by lane in EX-1(NB)(veh/km)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 9.3 10.0 8.0 6.1
Min 0.3 1.0 1.3 1.7
Week Avg 5.4 6.5 5.5 4.5
AM-Peak = - - -
PM-Peak 9.3 10.0 8.0 6.1
Max 9.6 10.1 8.3 6.4
Min 0.3 0.9 1.4 2.0
Weekday Avg 5.2 6.5 5.6 4.9
AM-Peak 9.6 10.0 8.3 6.4
PM-Peak - - - -
Max 11.8 11.6 9.2 6.0
Min 0.3 1.0 1.0 11
Weekend Avg 5.9 6.8 5.3 3.6
AM-Peak - - - -
PM-Peak 11.8 11.6 9.2 6.0
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Table 3.22 Density analysis in EX-1(SB)(veh/km, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 10.3 +81 10.2 +77 10.6 +91
Min 1.3 -76 14 -76 1.2 =79
EgB‘)l Avg 5.7 - 5.8 - 5.6 -
AM-Peak - - - - - -
PM-Peak 10.3 +81 10.2 +77 10.6 +91
Table 3.23 Density analysis by lane in EX-1(SB)(veh/km)
Direction Statistics 1st Lane 2nd Lane 3rd Lane 4th Lane
Max 12.5 12.5 9.5 7.2
Min 0.4 1.2 1.7 2.1
Week Avg 5.6 6.9 5.8 4.9
AM-Peak = - - -
PM-Peak 12.5 12.5 9.5 7.2
Max 12.3 12.4 9.4 7.4
Min 0.3 11 1.8 2.2
Weekday Avg 5.5 6.8 59 5.2
AM-Peak - - - -
PM-Peak 12.3 12.4 9.4 7.4
Max 13.2 12.7 9.9 6.9
Min 0.5 14 1.4 1.6
Weekend Avg 6.0 7.0 5.5 4.1
AM-Peak - - - -
PM-Peak 13.2 12.7 9.9 6.9
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Table 3.24 Density analysis in EX—10(EB)(veh/km, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 6.8 +87 6.4 +81 8.5 +113
Min 0.6 -85 0.6 -84 0.5 -88
Eég)o Avg 3.6 - 35 - 4.0 -
AM-Peak - - - - - -
PM-Peak 6.8 +87 6.4 +81 8.5 +113
Table 3.25 Density analysis by lane in EX—10(EB)(veh/km)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 7.5 8.4 6.8 4.8
Min 0.1 0.6 0.8 0.7
Week Avg 3.3 4.6 3.9 3.0
AM-Peak = - - -
PM-Peak 7.5 8.4 6.8 4.8
Max 6.8 8.0 6.4 5.0
Min 0.1 0.5 0.8 0.8
Weekday Avg 2.9 44 3.7 3.2
AM-Peak - - - -
PM-Peak 6.8 8.0 6.4 5.0
Max 10.1 10.2 8.4 9.2
Min 0.1 0.6 0.7 0.5
Weekend Avg 4.0 5.1 4.1 2.7
AM-Peak - - - -
PM-Peak 10.1 10.2 8.4 5.2
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Figure 3.24 Density distribution in EX-10(EB)




Table 3.26 Density analysis in EX-10(veh/km, %)

Week Weekday Weekend
Direction | Statistics
Flow Shift Flow Shift Flow Shift
Max 6.5 +75 6.3 +75 7.3 +84
Min 0.6 -85 0.6 -85 0.5 -86
E(i;_é)o Avg 3.7 - 3.6 - 4.0 -
AM-Peak 6.5 +75 6.3 +75 7.3 +84
PM-Peak - - - - - -
Table 3.27 Density analysis by lane in EX-10(WB)(veh/km)
Direction Statistics Ist Lane 2nd Lane 3rd Lane 4th Lane
Max 6.5 8.4 6.8 4.8
Min 0.2 0.6 0.8 0.6
Week Avg 3.2 4.8 4.0 3.0
AM-Peak 6.5 8.4 6.8 4.8
PM-Peak = = - -
Max 6.0 8.1 6.6 5.0
Min 0.1 0.6 0.8 0.7
Weekday Avg 3.0 4.6 3.9 3.2
AM-Peak 6.0 8.1 6.6 5.0
PM-Peak - - - -
Max 8.1 9.4 7.3 4.5
Min 0.2 0.7 0.8 0.5
Weekend Avg 3.9 5.3 4.2 2.6
AM-Peak 8.1 9.4 7.3 4.5
PM-Peak - - - -
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3.2.4 BN AHAR B4

E3PAIZE A A(travel time reliability)o]st T2 S35 2FFE) 9o
Agle AAE st dAHA AdE= FFATIT. FHAIRY Tel=
second(sec)Z THE ™, 95 A W E2)(95th percentile)& =& 1# 3 F715
AZEA(buffer time index, BD) = AlEE3Y XA (planning time index, PDZ5-H
F7HE B Aol AFFHYANGE S FH AR AR AHE-S AT

L L
T, v
Bl=————X 100% it U> Uy, (3.5)
U
=0 otherwise
L
Uy Ty
PI= z = T, (3.6)
U
Bl L
TB_BﬁOOXWX(_U) (3.7
YN
=1
D=
i=1 U
PI L
= X ——X (= .
T = 3,600 % 5o Uz) (3.9)
7] A,
BI . buffer index
PI : planning time index
Ty : 95th percentile travel time(sec)
T, . travel time by regulatory speed of expressways(sec)



U . regulatory speed of expressways(100km/h)

Ty . additional travel time(sec)
L . distance of segment(15km)
Uy : 95th percentile speed in ascending order(km/h)

. space mean speed(km/h)

N, : no. of vehicles observed at station i(veh/h)
n : no. of stations within segment

u; : spot mean speed observed at station i(km/h)
Ty . planning time(sec)

AT =R OSHA ISR T T AHAE EEE
vl wgk Az, ol#e] Figures 3.26~3.274 X nle} o] Wad gUd g
AP 540 FEE Aol AT AU
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Table 3.28 Planning time analysis in EX-1(sec, %)

Week Weekday Weekend
Direction Statistics
Travel Time Shift Travel Time Shift Travel Time Shift
Max 587 +8 605 +10 541 +5
Min 510 -6 517 -6 490 -5
EX-1
(NB) Avg 542 - 552 - 517 -
AM-Peak - - 522 -5 - -
PM-Peak 536 -1 - - 526 +2
Max 601 +10 616 +11 563 +8
Min 518 -5 524 -6 504 -4
EX-1
SB) Avg 545 - 554 - 523 -
AM-Peak - 1 4 - - -
PM-Peak 539 -1 544 -2 527 +1
Table 3.29 Buffer time analysis in EX-1(sec, %)
Week Weekday Weekend
Direction Statistics
Travel Time Shift Travel Time Shift Travel Time Shift
Max 96 +46 89 +60 116 +30
Min 25 -62 9 -84 65 -28
EX-1
(NB) Avg 65 - 56 - 89 -
AM-Peak - - 84 +51 - -
PM-Peak 71 +9 - - 80 -10
Max 95 +38 90 +49 109 +21
Min 20 -71 8 -87 50 -44
EX-1
SB) Avg 69 - 60 - 90 -
AM-Peak - - - - - -
PM-Peak 74 +8 70 +16 86 -5
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Figure 3.28 Travel time distribution in EX-1(NB)
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Table 3.30 Planning time analysis in

EX-10(sec, %)

Week Weekday Weekend
Direction Statistics
Travel Time Shift Travel Time Shift Travel Time Shift
Max 599 +11 612 +12 565 +9
Min 512 -5 515 -5 499 -4
EX-10
EB) Avg 537 - 544 - 518 -
AM-Peak - - - - - -
PM-Peak 518 -4 521 -4 518 +0
Max 593 +9 609 +10 555 +6
Min 521 -4 525 -5 508 -3
EX-10
(WB) Avg 543 - 551 - 523 -
AM-Peak 533 -2 537 -3 522 +0
PM-Peak - — - - - -
Table 3.31 Buffer time analysis in EX-10(sec, %)
Week Weekday Weekend
Direction Statistics
Travel Time Shift Travel Time Shift Travel Time Shift
Max 88 +38 85 +49 101 +24
Min 13 -79 5 -92 35 -57
EX-10
EB) Avg 64 - 57 - 82 -
AM-Peak - - - - - -
PM-Peak 82 +28 79 +38 82 +1
Max 78 +37 74 +50 92 +20
Min 16 -73 4 -92 44 -42
EX-10
(WB) Avg 57 - 50 - 76 -
AM-Peak 67 +17 63 +26 77 +1
PM-Peak - - - - - -
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Figure 3.30 Travel time distribution in EX-10(EB)
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7] A,
r . correlation coefficients for paired samples
Sy, - covariance of U; and 7, for paired samples
Sy, . standard deviation of U, for paired samples
Sr. . standard deviation of 7}, for paired samples
U, . space mean speed lane calculated at ¢ —th lane and j —th hour(km/h)
T . planning time by reliability calculated at j—t¢h hour(%)
m : no. of paired samples
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Table 4.1 Correlation analysis between U, and 7} in EX-1

(3

Correlation Coefficients(r)
Expressway/Direction
1st Lane 2nd Lane 3rd Lane 4th Lane
NB -0.2370 -0.4633 -0.9030 -0.8031
Week
SB -0.2156 -0.5124 -0.9045 -0.7726
NB -0.1226 -0.2868 -0.8948 -0.8301
Weekday
SB -0.1606 -0.4049 -0.9189 -0.8595
NB -0.4627 -0.5893 -0.9487 -0.7623
Weekend
SB -0.3046 -0.5117 -0.9531 -0.7327
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Correlation between Uz and Tr in EX-1(NB)
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Figure 4.1 Correlation between U; and 7}, in EX-1(NB)
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Plnning Time(sec)

Correlation between Uz and Tr in EX-1(NB)
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Figure 4.2 Correlation between U, and 7}, in EX-1(NB)
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Figure 4.3 Correlation between U and 7}, in EX-1(NB)
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Correlation between U4 and Tr in EX-1(NB)
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Figure 4.4 Correlation between U, and 7}, in EX-1(NB)
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Correlation between Uz and Tr in EX-1(SB)
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Figure 4.5 Correlation between U] and 7}, in EX-1(SB)
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Correlation between Uz and Tr in EX-1(SB)
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Figure 4.6 Correlation between U, and 7}, in EX-1(SB)
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Correlation between Us and Tr in EX-1(SB)
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Figure 4.7 Correlation between U and 7}, in EX-1(SB)
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Correlation between U4 and Tr in EX-1(SB)
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Figure 4.8 Correlation between U, and 7} in EX-1(SB)
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Table 4.2 Correlation analysis between U, and 7} in EX-10

Correlation Coefficients(r)

Expressway/Direction
1st Lane 2nd Lane 3rd Lane 4th Lane
EB -0.3542 -0.5364 -0.9480 -0.7694
Week
WB -0.5357 -0.5802 -0.9550 -0.8268
EB -0.4309 -0.5358 -0.9578 -0.8776
Weekday
WB -0.5741 -0.5389 -0.9694 -0.9159
EB -0.2473 -0.3349 -0.9702 -0.7353
Weekend
WB -0.4559 -0.4680 -0.9791 -0.8355
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Figure 4.9 Correlation between U and 7}, in EX-10(EB)
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Correlation between Uz and Tr in EX-10(EB)
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Figure 4.10 Correlation between U, and 7}, in EX-10(EB)
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Correlation between Uz and Tr in EX-10(EB)
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Figure 4.11 Correlation between U, and 7}, in EX-10(EB)
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Planning Time(sec)

Correlation between U4 and Tr in EX-10(EB)

700

r=-0.7694
650

s00

550

500

450

60 70 80 S 100 110
Speed at Laned(km/h)

Planning Time (sec)

Correlation between U4 and Tr in EX-10(EB)
for Weekday

700

r=-0.8776
550

500

550

500

450

B0 85 vO T5 80 85 a0 a5
Sspeed at Laned({km/h)

Planning Time (sec)

Correlation between U4 and Tr in EX-10(EB)
for Weekend

550

r=-0.7353

550

500

450

B0 70 80 SO 100 110
Speed at Laned{km/h)

Figure 4.12 Correlation between U, and 7}, in EX-10(EB)
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Phnning Time{sec)

Correlation between U1 and Tr in EX-10(WB)
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Figure 4.13 Correlation between U, and 7j in EX-10(WB)
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Correlation between Uz and Tr in EX-10(WB)
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Figure 4.14 Correlation between U, and 7} in EX-10(WB)
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Planning Time(sec)

Correlation between Uz and Tr in EX-10(WB)
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Figure 4.15 Correlation between U, and 7;, in EX-10(WB)
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Correlation between U4 and Tr in EX-10(WB)
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Figure 4.16 Correlation between U, and 7}, in EX-10(WB)
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B Aoxe d7Hd 1EE2A 332 B IEE U9 ARSI

T, = f(Uy) (5.1)
o 7] ol A,

Ty : planning time(sec)

U, . space mean speed at the 3rd lane(km/h)

agla 9o FFuAE EUWE o3 22> AP 2 F(inear model, LIN),
T2 ¥ (ogarithmic model, LOG), ¢ X3(nverse model, INV), 2z =3
(quadratic model, QUA), 3z E3&(cubic model, CUB), ¥}%] % & (power model,
POW), &3 = &(compound model, COM), S-=d =& (S-curve model, SCV),
22 2g 23 (logistic model, LGS), 4= & (growth model, GRH) & A|F+2F

(exponential model, EXP) 59| 3#A X o] HEEHIUT
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Byt 5 < Uy

1T,=

LIN

By + B, xXIn ()

Ty

LOG

B+ 5/ U

1T, =

INV

B+ By X U+ B, < Us

1T,=

QUA

By + By X Uy + B, X U+ By < US

T,=

CUB

B4
T =5y > Uy

POW

By+8,"

Ty

COM

SCV
LGS
GRH

(5.2)

B+ 5 < Uy

T, =

LIN

(5.3

51
T =0y > U

POW
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o 7]l A,

: planning time(sec)

Ty

. space mean speed at the 3rd lane(km/h)

U

0, D

. regression coefficients( j
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Helon,
A4 R*%-E LINES 7 POWE oAl 7t2} 0.81007} 0.83332.2 POWE o]

oy
T
,.mo

ol
M

2%

S R YTH(F = Tables 5.1~5.2¢} Figures 5.1, 5.4, 5.7).

ERL

S
|

e
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[S]
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He BT

>
(3= Tables 5.1~5.2¢} Figures 5.2, 5.5, 5.8). T3+ Fo] BZutakox # 3

Aglel AZSPANI T,282 ARASF R*F
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0.90742 POWERHo] w2 AWH S HYSZH 1EE29 AYFTIAZL T,
FAANAE FFolvt F2o BARle] LINEFo|v POWEH S w2 e
old 4= AATHE = Tables 5.1~5.2¢} Figures 5.3, 5.6, 5.9).
Table 5.1 Linear models of 7} in EX-1
Expressway T model R? F-sig.
NB T =1,026.4—5.2579 < U, 0.8038 0.000
Week SB T =1,077.9—5.8157 X U, 0.8172 0.000
NS T =1,051.0 — 5.5229 X U, 0.8100 0.000
NB Tp=1,161.0—6.7839 X U, 0.8046 0.000
Weekday SB Tp=1,174.4—6.9264 X U, 0.8313 0.000
NS Ty =1,167.6 — 6.8546 < U, 0.8177 0.000
NB T =998.97— 4.9133 % U, 0.8751 0.000
Weekend SB Tp=1,019.8—5.1369 X U, 0.9122 0.000
NS Ty =1,007.0 — 4.9992 < U, 0.8990 0.000
NB : northbound SB : southbound NS : north-south bounds
Table 5.2 Power models of 7} in EX-1
Expressway T model R? F-sig.
NB Ty = 26,058 x U~ "7 0.8209 0.000
Week SB Ty =39,337x Uy~ "% 0.8470 0.000
NS Ty =31,715x U~ "% 0.8333 0.000
NB Tp=067,827x U, " 0.8164 0.000
Weekday SB Ty =78,828x U~ "' 0.8526 0.000
NS Ty =173,039x U;~ "7 0.8341 0.000
NB T, =33,812x Uy~ "2 0.8859 0.000
Weekend SB Ty = 34,696 < U~ "1* 0.9179 0.000
NS Tp = 33,842 x U~ 912 0.9074 0.000

NB : northbound SB : southbound NS : north-south bounds
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LIN and POW Models in EX-1(NB) for Week
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Figure 5.1 Models of 7}, in EX-1(NB) for week
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Weekday
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Figure 5.2 Models of 7 in EX-1(NB) for weekday
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LIN and POW Models in EX-1{NB) for

Weekend
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Figure 5.3 Models of 7}, in EX-1(NB) for weekend
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Figure 5.4 Models of 7}, in EX-1(SB) for week
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LIN and POW Models in EX-1(SB) for

Weekday
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Figure 5.6 Models of 7} in EX-1(SB) for weekend
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LIN and POW Models in EX-1 for Week
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Figure 5.7 Models of 7}, in EX-1 for week
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Figure 5.8 Models of 7}, in EX-1 for weekday
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Tables 5.3~5.49} Figures 5.11, 5.14, 5.17). =3 F

POWRF A Z+2} 0.89242F 0.9070



N7V TmEel ARAS RFrol LN=&E: POWREC|A z+7h 0.9234s
0.9264=2 POWEREo] A w2 AHE S RP, AWM= 22 0.8849<2
0879302 LINEZ&o| tha & Aude nyor, By A ALEY
NZ¥ T,mEel ARAF RZFEe LINZ®I POWEEo|A zHzH 0.8999s
0.90000. 2 POWR o] mu|alA] %o Huee R oww 1HE29| I EY
Azt TEAANE F5olU F2o Aol LINEFo POWREe] e
Ay S G0 4 JAATHFZE Tables 5.3~5.42} Figures 5.12, 5.15, 5.18).

Table 5.3 Linear

models of 7}, in EX-10

Expressway T’ model R? F-sig.
EB Tpr=1,112.8—6.018 X U, 0.8949 0.000

Week WB 75 =1,053.0—5.3832X U, 0.8515 0.000
EW Tpr=1,082.2—5.6939 X U, 0.8724 0.000

EB Tpr=1,168.7—=6.6418 X U; 0.8924 0.000

Weekday WB Tpr=1,093.7—5.8352 X U, 0.8215 0.000
EW T, =1,129.8—6.2251 x U, 0.8562 0.000

EB Tp=1,108.5—5.917 X U, 0.9234 0.000

Weekend WB Tr=1,008.4—4.9018 X U, 0.8849 0.000
EwW Tp=1,058.8—5.4136 X U, 0.8999 0.000

EB

. eastbound WB : westbound EW :

east-west bounds
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Table 5.4 Power models of 75 in EX-10

Expressway T model R? F-sig.
EB Ty =61,227x U~ "% 0.9108 0.000

Week WB Tp = 35,324 U, "1 0.8607 0.000
EW Tp = 46,156 x U, "7 0.8845 0.000

EB Ty = 83,607 < U;~ 1% 0.9070 0.000

Weekday WB Ty = 42,433 x Uy~ "9 0.8275 0.000
EW Tp = 58,744 x Uy~ 1031 0.8659 0.000

EB Ty = 77,000 U~ "7 0.9264 0.000

Weekend WB Ty = 34,278 x U, "1 0.8793 0.000
EW T ="51,689 % Uy 0% 0.9000 0.000

EB : eastbound WB : westbound EW : east-west bounds

LIN and POW Models in EX-10(EB) for Week
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Figure 5.10 Models of 7}, in EX-10(EB) for week
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LIN and POW Models in EX-10(EB) for

Weekday
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Figure 5.12 Models of 7}, in EX-10(EB) for weekend
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LIN and POW Models in EX-10(WB) for Week

s TR =35324U3 0518
2

S R? =0.8607
T
2
2 500
£
= 550
Bo
£ TR = -5.383203 + 1053
£ R =08515 -
o |

450

400

60 70 80 90 100 110 120
Us(km/h})
Figure 5.13 Models of 7}, in EX-10(WB) for week
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Weekday
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Figure 5.14 Models of 7}, in EX-10(WB) for weekday
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LIN and POW Models in EX-10(WB) for

Weekend
600
Tr = 34278039311
- R® =0.8793
g 550
. TR=-49018U3+ 1008.4
E R* =0.8849
= 500
[=1:]
£
=
& 450
=%
400
60 70 80 90 100 110 120
Uz{km/h)
Figure 5.15 Models of 7}, in EX-10(WB) for weekend
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Figure 5.16 Models of 7, in EX-10 for week
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Figure 5.17 Models of 7;, in EX-10 for weekday
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Figure 5.18 Models of 7;, in EX-10 for weekend
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A58zl fsll ¥ S AMEEHA ¥ UHA BEEAAEE FAHOE
2RSS A8 49 AYSBAL (1,07 A4-
AZ YN Ty A relol T2 2ol i) ADBARA, i) HeEE t-A4
(Test) 18] A iii) H+ A|¥= HxHroot mean square error, RMSE)&E4]& 4 A

SFAT

va(TRcal’ TRprc)

i) AAAAREY r= (5.4)
° A \/VQT(TRcaz)X\/VaT(TRpre)
o] 7] ol A,
r . correlation coefficients
Trw : Planning time(7y) calculated(sec)
Ty - Planning time(73,) predicted(sec)
i) i t—H14 ¢, = X (5.5)
Sp
Vm
D=L fjp (5.6)
B m;=1 ' '
(5.7)
(5.8)
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Table 5.5 Correlation analysis between 7, and 7, . in EX-1

pre

Expressway/Model Correlation Coefficient(r)
LIN 0.9208
NB
POW 0.9350
LIN 0.9287
Week SB
POW 0.9430
LIN 0.9201
NS
POW 0.9223
LIN 0.9051
NB
POW 0.8830
LIN 0.9187
Weekday SB
POW 0.9010
LIN 0.9040
NS
POW 0.9011
LIN 0.9372
NB
POW 0.9390
LIN 0.9605
Weekend SB
POW 0.9670
LIN 0.9537
NS
POW 0.9544
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Table 5.6 t-Test results between 7j,, and 7y,  in EX-1

pre

Expressway/Model t-value p-value Result
LIN 1.344 0.180 Accept
NB
POW 0.2100 0.834 Accept
LIN 1.167 0.244 Accept
Week SB
POW -0.243 0.808 Accept
LIN 1.094 0.409 Accept
NS
POW -1.569 0.117 Accept
LIN 0.808 0.419 Accept
NB
POW 1.951 0.052 Accept
LIN 8550 0.175 Accept
Weekday SB
POW 3.692 0.000 Reject
LIN 1.679 0.094 Accept
NS
POW 2.674 0.008 Reject
LIN 1.523 0.131 Accept
NB
POW 2.071 0.041 Reject
LIN -0.232 0.816 Accept
Weekend SB
POW -2.043 0.043 Reject
LIN 0.574 0.567 Accept
NS
POW -1.334 0.184 Accept
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Figure 5.19 Verification of LIN Model in EX-1(NB) for week

Tk prelsec)

850

750
700
650
600
550
500
450

Model Verification in EX-1(NB) for Weekday

_r=0.9501(LIN)

400 450 500 550 600 650 J00 750 800

Treal(sec)

Figure 5.20 Verification of LIN Model in EX-1(NB) for weekday
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Figure 5.21 Verification of LIN Model in EX-1(NB) for weekend
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Figure 5.22 Verification of LIN Model in EX-1(SB) for week
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Model Verification in EX-1(SB) for Weekday
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Figure 5.23 Verification of LIN Model in EX-1(SB) for weekday
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Figure 5.24 Verification of LIN Model in EX-1(SB) for weekend
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Model Verification in EX-1 for Week
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Figure 5.25 Verification of LIN Model in EX-1 for week
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Figure 5.26 Verification of LIN Model in EX-1 for weekday
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Table 5.7 Correlation analysis between 7j,, and 7j,. in EX-10

Expressway/Model Correlation Coefficient(r)
LIN 0.9539
EB
POW 0.9660
LIN 0.9349
Week WB
POW 0.9470
LIN 0.9470
EW
POW 0.9481
LIN 0.9558
EB
POW 0.9650
LIN 0.9376
Weekday WB
POW 0.9460
LIN 0.9465
EW
POW 0.9470
LIN 0.9374
EB
POW 0.9440
LIN 0.9628
Weekend WB
POW 0.9640
LIN 0.9410
EW
POW 0.9415
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Table 5.8 t-Test results between 7j,, and 7, in EX-10

Expressway/Model t-value p-value Result
LIN -1.202 0.230 Accept
EB
POW -3.600 0.000 Reject
LIN -0.071 0.943 Accept
Week WB
POW 0.462 0.644 Accept
LIN -1.405 0.160 Accept
EW
POW -2.015 0.274 Accept
LIN 1.263 0.209 Accept
EB
POW 1.179 0.241 Accept
LIN 1.834 0.067 Accept
Weekday WB
POW 2.939 0.004 Reject
LIN 1.492 0.137 Accept
EW
POW 1.719 0.087 Accept
LIN 1.523 0.131 Accept
EB
POW 2.071 0.041 Reject
LIN -0.232 0.816 Accept
Weekend WB
POW -2.043 0.043 Reject
LIN -1.579 0.118 Accept
EwW
POW -2.702 0.008 Reject
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Model Verification in EX-10(EB) for Week
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Figure 5.28 Verification of LIN Model in EX-10(EB) for week
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Figure 5.29 Verification of LIN Model in EX-10(EB) for weekday
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Model Verification in EX-10(EB) for Weekend
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Figure 5.30 Verification of LIN Model in EX-10(EB) for weekend
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Figure 5.31 Verification of LIN Model in EX-10(WB) for week
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Model Verification in EX-10(WB) for Weekday
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Figure 5.32 Verification of LIN Model in EX-10(WB) for weekday
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Figure 5.33 Verification of LIN Model in EX-10(WB) for weekend
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Model Verification in EX-10 for Week
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Figure 5.34 Verification of LIN Model in EX-10 for week
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Figure 5.35 Verification of LIN Model in EX-10 for weekday
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Table 5.9 RMSE analysis between 7y, and 7}, . for LIN model
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