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Nomenclature

Flow rate for lhour(veh/h)

Number of vehicles observed(veh)

Unit time period(15min or Thour)

Headway of each vehicle i(sec)

Each flow i(veh)

Spot mean speed(km/h)

Travel speed for each vehicle i(km/h)
Distance between loop detectors at spot(m)
Mean travel time(sec)

Headway(sec)

Arrival time of i—th vehicle(sec)

Mean headway (sec)

Occupancy(%)

Time that detector is occupied by i—th vehicle(sec)
Headway distance(m)

Density(veh/km)

Regression coefficients( /=0, 1, 2, 3)
Correlation coefficients

i—th design hourly factor estimate calculated
i—th design hourly factor estimate expected
Number of paired samples

t statistic of Matched pairs samples

Standard deviation of difference in K and K,



Sl

Mean of difference in K, and K.,
Difference in K. and K,

design hourly factor estimate

Traffic volume of i—th hour(veh)

_iv_



Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

O ® N9 o Ul R W N R

3.10
3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21

S

W N R W N

List of Tables

Geometry of Expressways under the study « e 15
Flow statistics in Expressway Ex-10 for weekday «:weerereeeee 20
Flow statistics in Expressway Ex-10 for weekend «-weeeeeeeeeees 20
Flow statistics in Expressway Ex-1 for weekday -« eeoeeeeeeeeeeses 23
Flow statistics in Expressway Ex-1 for weekend -« seoereeeeeeeees 24
Speed statistics in Expressway Ex-10 for weekday «:eeeeeeeees 31
Speed statistics in Expressway Ex-10 for weekend -« seeeeeeeee 31
Speed statistics in Expressway Ex-1 for weekday - eeeeeeeeeeees 34
Speed statistics in Expressway Ex-1 for weekend -« eoeeeereeeeees 35
Occupancy statistics in Expressway Ex-10 for weekday -« 42
Occupancy statistics in Expressway Ex-10 for weekend -« 42
Occupancy statistics in Expressway Ex-1 for weekday -« 45
Occupancy statistics in Expressway Ex-1 for weekend - 46
Headway statistics in Expressway Ex-10 for weekday 53
Headway statistics in Expressway Ex-10 for weekend -« 53
Headway statistics in Expressway Ex-1 for weekday -« 56
Headway statistics in Expressway Ex-1 for weekend -« 57
Density statistics in Expressway Ex-10 for weekday «eseoeee: 64
Density statistics in Expressway Ex-10 for weekend «::weeee 64
Density statistics in Expressway Ex-1 for weekday - eweeeeee 67
Density statistics in Expressway Ex-1 for weekend :-«:«eeeeeeee 68
K-statistics in Expressways under the study - 72
K-statistics in Expressways for weekday « - wwemsseeeeseseesnnn: 74
K-statistics in Expressways for weekend - wseeesssseeesnanes 81
Directional K-models in Ex-10 and Ex-1 for a week «eoeeeee 93
Directional K-models in Ex-10 and Ex-1 for weekday == 94
Directional K-models in Ex-10 and Ex-1 for weekend -+ 95



Table 5. 4 Correlation between K, and K.  in Ex-10 and Ex-1 for a

IWEEK +svreremememem ettt 107
Table 5. 5 Correlation between K. and K., in Ex-10 and Ex-1 for
Weekday ...................................................................................................................... 108
Table 5. 6 Correlation between K. and K., in Ex-10 and Ex-1 for
IWEEKEIIAL w++vssreresresresessmssssesessesss sttt 109
Table 5. 7 t-Test results between K and K.  in Ex-10 and Ex-1 for a
Week ............................................................................................................................. 110

Table 5. 8 t-Test results between K and K., in Ex-10 and Ex-1 for

Weekday ...................................................................................................................... 111
Table 5. 9 t-Test results between K and K., in Ex-10 and Ex-1 for
WEEKEIIG ++vereererersesessssmsensmssnissnsisenisstsoss MR I oo ssssassstssasssbsesssssssasbstersbetsasrtass 112
Table 5.10 RMSE results between models for a week «-eoeeeseeeseesseseeee: 120
Table 511 RMSE results between models for weekday :«eeeeeeeereseseeeeeee: 121
Table 5.12 RMSE results between models for weekend :-:weeeeeeeesseeseeeeee 122

_Vi_



Figure 1. 1
Figure 1. 2
Figure 2. 1
Figure 2. 2
Figure 2. 3
Figure 2. 4
Figure 3. 1
Figure 3. 2
Figure 3. 3
Figure 3. 4
Figure 3. 5
Figure 3. 6
Figure 3. 7
Figure 3. 8
Figure 3. 9

Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14
Figure 3.15
Figure 3.16
Figure 3.17
Figure 3.18
Figure 3.19
Figure 3.20
Figure 3.21

List of Figures

Expressways under the Study .......................................................... 2
Process Of study ................................................................................... 4
Ranked hourly volumes(Source: HCM2000) «ssssesesesesssssssssssssseees 6
Ranked hourly VOlumeS(SOUTCG: AASHTO) .................................. 6
Ranked hourly volumes(Source: Japan Road Association) - 8
Ranked hourly VolumeS(Source: MLTM) ..................................... 11
3D Flow graph in Expressway EX=10) woeereereersersensesunnnsensansansaunnnns 18
3D Flow graph in Expressway Ex-1 s 19
Flow distribution in Ex—lO(EB) ....................................................... 21
Flow distribution in Ex-10(WB) ssssssssseeesesssssssssssssssssssnssssssssinnnss 71
Average flOW dlstrlbutlon in EX—lO(EW) ...................................... 22
Flow distribution in Ex-l(NB) ........................................................ 24
FIOW distribution in EX-l(SB) ......................................................... 25
Average flow distribution in Ex-l(NS) ......................................... 25
3D Speed graph in Expressway Ex-10) e 79
3D Speed graph in Expressway BT coeererrereeenereneenentnenennniniin. 30
Speed distribution in Ex-lO(EB) ..................................................... 32
Speed distribution in EX—lO(WB) .................................................... 32
Average speed distribution in Ex-10(EW) ................................... 33
Speed distribution in Ex-1(NB) wssssseesessssssssssssssssissssisssssssss 35
Speed distribution in EX—l(SB) ........................................................ 36
Average speed distribution in Ex-l(NS) ...................................... 36
3D Occupancy graph in Expressway EX-lO ................................ 40
3D Occupancy graph in Expressway Ex-1 41
Occupancy distribution in Ex-T1Q(EB) «sssssssssssseesessessssisseseceeens 43
Occupancy distribution in Ex—lO(WB) ........................................... 43
Average occupancy distribution in Ex-10(EW) -ereeeeeereeeeeeeseeeeeee: 44

- vii -



Figure 3.22
Figure 3.23
Figure 3.24
Figure 3.25
Figure 3.26
Figure 3.27
Figure 3.28
Figure 3.29
Figure 3.30
Figure 3.31
Figure 3.32
Figure 3.33
Figure 3.34
Figure 3.35
Figure 3.36
Figure 3.37
Figure 3.38
Figure 3.39
Figure 3.40

Figure 4. 1
Figure 4. 2
Figure 4. 3
Figure 4. 4
Figure 4. 5
Figure 4. 6
Figure 4. 7
Figure 4. 8
Figure 4. 9

Figure 4.10
Figure 4.11

Occupancy dlStrlbutlon 11’1 Ex_l(NB) ............................................. 46

Occupancy distribution in EX-1(SB) «wseessereesseeessssomssseessssenssennnss 47
Average occupancy distribution in Ex-1(INS) «eeeeeerereeeeseseeeeeen: 47
3D Headway graph in Expressway Ex-10 e 51
3D Headway graph in Expressway Ex-1 s 52
Headway distribution in Ex-L0(EB) wssssssssrsessesssseesesssssnnnnnas 54
Headway distribution in Ex-TO(WB) «eesseeeseeesssemsseesscmssemssineennes 54
Average headway distribution in Ex-10(EW) «eoeeeeeeeeseseseeseseeee: 55
Headway distribution in Ex-T(NB) weeeersseesssesssemssissssissnennns 57
Headway distribution in EX-1(SB) rrereereessssssssssssssssneeessssssss 58
Average headway distribution in Ex-1(INS) «wereeeereresesessreeeeee: 58
3D Density graph in Expressway Ex-10 s 62
3D Density graph in Expressway Ex-1 s 63
Density distribution in Ex-10(EB) wreeeseesseesssessssessnmssissniisennns 65
Density distribution in EX-LO(WB) wrsessssssssssssssssssssenseessssssnnsnnnss 65
Average density distribution in Ex-TO(EW) weeereeeeeeesessiseenee: 66
Density distribution in Ex-1(INB) :wsweseeeseeeeseresseriisseeiiieisneneenane. 68
Density distribution in Ex-1(SB) s 69
Average density distribution in BEx-T(NS) «--eeseesseeeseessenneen: 69
3D K-graph in Ex-10 s 72
3D K-graph in BX-T ceeeseeeesseeessseseesssssemsssimssiinisinsisins 73
3D K-graph in Ex-10(EB) for weekday «ssssrrrsrssneesssssnnns 75
3D K-graph in Ex-10(WB) for weekday - wwsseeesseeesseemssseennne. 75
3D K-graph in Ex-1(NB) for weekday - weseeeseemseomseosseeens 76
3D K-graph in Ex-1(SB) for weekday «srrreeeesssssssssrsseneessnnas 76
Peak-K in Ex-10(EB) for weekday « - weessseessmmsssemsssemsinsinnns 77
Peak-K in Ex-10(EB) for weekday - wwsseeeseresseemssemssesscennas 77
Peak-K in Ex-10(WB) for weekday «ererrresmmmemsmmsmsss 78
Peak-K in Ex-10(WB) for weekday s 78
Peak-K in Ex-1(NB) for weekday - erereememmmsssssssrseniiensssnnss 79

~ viii -



Figure 4.12
Figure 4.13
Figure 4.14
Figure 4.15
Figure 4.16
Figure 4.17
Figure 4.18
Figure 4.19
Figure 4.20
Figure 4.21
Figure 4.22
Figure 4.23
Figure 4.24
Figure 4.25
Figure 4.26
Figure 5. 1
Figure 5. 2
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.
Figure 5.

O 0 N O O b W

Figure 5.
Figure 5.10
Figure 5.11
Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15

Peak-K in Ex-1(NB) for weekday - wwwsseemssseremssssiessssnees. 79

Peak-K in Ex-1(SB) for weekday - ewesseremsereissisiinssini, 80
Peak-K in Ex-1(SB) for weekday - weesseeemsseresssnsisnsssinie. 80
3D K-graph in Ex-10(EB) for weekend - weeesseeessscensssensnene. 82
3D K-graph in Ex-10(WB) for weekend - wsseeesseeesssseeesssee. 82
3D K-graph in Ex-1(NB) for weekend - wweessereescreesacee. 83
3D K-graph in Ex-1(SB) for weekend : - swwseemsseeesennisseenane. 83
Peak-K in Ex-10(EB) for weekend - wseesseressesesssiisseseiineee. 84
Peak-K in Ex-10(EB) for weekend « - ewwsermserisenisseisinincninns 84
Peak-K in Ex-10(WB) for weekend - weseresermsserissesiinsciinsee. 85
Peak-K in Ex-10(WB) for weekend - weesermsssmssssissssnisssninnee. 85
Peak-K in Ex-1(NB) for weekend - wwsseeessseeesesessesisniininene. 86
Peak-K in Ex-1(NB) for weekend - wwsseressseresssseisssiinseienene. 86
Peak-K in Ex-1(SB) for weekend «s - erssemsssenesssnissiinseninnace. 87
Peak-K in Ex-1(SB) for weekend - wwessseessseressneisssiseniinene. ]7
K-models in Ex-10(EB) for a week wwssersseressenmiseninssnineniinaee. 926
K-models in Ex-10(WB) for a week «-weessereessceesseriinsniensene. 96
K-models in Ex-1(NB) for a week = weeseesemieniiseniinsiinaee. 97
K-models in Ex-1(SB) for a week - wweressseesesmiscniseniinninas 97
K-models in Ex-10(EW) for a week «wwseeeseremssenisnseniieniinnene. 08
K-models in Ex-1(NS) for a week - wseressresseriseniseniinennnnas 98
K-models in Ex-10(EB) for weekday - seeessrseessesemsssnensene. 99
K-models in Ex-10(WB) for weekday - weessseremssreessscnees 99
K-models in Ex-1(NB) for weekday - wwssereessseemsseseusscneenns 100
K-models in Ex-1(SB) for weekday « - wwesseemmsseremsssesieinnane. 100
K-models in Ex-10(EB) for weekend - seeeseresseressseniscnenns 101
K-models in Ex-10(WB) for weekend - wseeessereessenesscnenns 101
K-models in Ex-1(NB) for weekend « - wwseweseeeesssnnssenienss 102
K-models in Ex-1(SB) for weekend « - wsewsseeeesseremsseneeiscnnenns 102
K-models in Ex-10(EW) for weekday - weessseeemsseressssnenenans 103

_iX_



Figure 5.16
Figure 5.17
Figure 5.18
Figure 5.19
Figure 5.20
Figure 5.21
Figure 5.22
Figure 5.23
Figure 5.24
Figure 5.25
Figure 5.26
Figure 5.27
Figure 5.28
Figure 5.29
Figure 5.30
Figure 5.31
Figure 5.32
Figure 5.33
Figure 5.34
Figure 5.35
Figure 5.36
Figure 5.37
Figure 5.38
Figure 5.39
Figure 5.40

K_models in EX—l(NS) fOT Weekday ............................................ 103

K-models in Ex-10(EW) for weekend « s wwwssssssssssssssssssnscs 104
K-models in Ex-1(NS) for weekend ssseesesssssssnssss 104
K-model verification in Ex-10(EB) for a week = eoemeeeseeereeeeee: 113
K-model verification in Ex-10(WB) for a week - eoeeeeeeeeeeeee 113
K-model verification in Ex-1(NB) for a week «eeeeeeeeeeeeeees 114
K-model verification in Ex-1(SB) for a week = sereeeerereeseeeee: 114
K-model verification in Ex-10(EB) for weekday :«eeeeeeeeeeeese 115
K-model verification in Ex-10(WB) for weekday -eeeeeeeeeeee 115
K-model verification in Ex-1(NB) for weekday :eeeeeeeseeeeee 116
K-model verification in Ex-1(SB) for weekday -« eeerereeeeeess 116
K-model verification in Ex-10(EB) for weekend :«--eeeeeeeeeee 117
K-model verification in Ex-1(NB) for weekend - :seeeeeeeee 117
K-model verification in Ex-1(SB) for weekend = «eeereseeeeeese 118
SE shifts in Ex-10(EB) for a week weeesesesssssssssississnssses 123
SE shifts in Ex-10(WB) for a week weresssssssssississsssnsen 123
SE shifts in Ex-1(NB) for a week sseseseeeeeessessssssssssssssssses 124
SE shifts in Ex-1(SB) for a week wmssssssrereessssssssssssssssssssses 124
SE shifts in Ex-10(EB) for weekday s eeeeeeseeseeesssssssses 125
SE shifts in Ex-10(WB) for weekday eeserereesesessemsssnss 125
SE shifts in Ex-1(NB) for weekday «seseresseseesmmsnsssssssss 126
SE shifts in Ex-1(SB) for weekday sssssssessessesssssssssss 126
SE shifts in Ex-10(EB) for weekend s eeeeessssssssssssssssssssnsnnees 127
SE shifts in Ex-1(NB) for weekend = wwsesssssssssssssnssssseee 127
SE shifts in Ex-1(SB) for weekend ssssssssssssssssssssssssss 128



Regression Models on Design Hourly Factor
Estimate(K) Distribution in Expressway

Kwang Sik, Shin

Department of Givil and Environmental Engineering,
Graduate School Korea Maritime University, Busan Korea

Abstract

Expressways are arterial highways that provide users for high levels of
safety and efficiency with full control of access for through traffic in the
expressway. However, most of expressways are suffering from traffic
congestion caused by highly mixed rate of heavy vehicles and
concentration of vehicles depending on the time period in the
Expressways. Thus, expressway traffic characteristics—related studies are
strongly needed to improve the travel system in the expressway basic
segments.

The purpose of this study was to collect the traffic flow characteristics
(volume, speed, headway, occupancy, and density, etc.) in the major
expressway basic segments, analyze the traffic flow characteristic
variables, especially design hourly factor estimate(K) calculated in the
expressway basic segments, construct the appropriate regression models
between occupancy and design hourly factor estimate(K), and finally select
the most appropriate model having the less root mean square error(RMSE)
shifts between the calculated and expected design hourly factor estimate

in the expressway basic segments.
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From the traffic characteristic analyses, regression models between
design hourly factor estimate(K) and occupancy in the expressway basic

segments, the following conclusions were drawn:

1) Traffic characteristic analyses were found to show a considerable
difference in the weekday and weekend traffic characteristics in the
expressway basic segments, and also in the directional traffic
characteristics of the same expressway basic segments. So, it was needed
to establish the expressway traffic management system based on the
weekday, weekend, and directional traffic characteristics for improving the
efficiency of expressway.

i1) Occupancy in the expressway basic segments was found to show a
highly positive correlation with design hourly factor estimate(K), and
relationship between design hourly factor estimate(K) and occupancy was
especially found to show the Linear, Quadratic, Cubic and Power
regression forms with the high determination coefficients (R?) of 0.9 or
higher. So, it was needed to verify those regression models with
correlation analysis and t—Test for matched pairs sample between
calculated and expected design hourly factors.

ii1) Correlation analysis between calculated and expected design hourly
factors was found to show the highly positive correlation coefficients (r)
of 0.923~0.992, and t—Test for matched pairs sample between those
calculated and expected design hourly factors was especially found to fall
inside the Accept or Reject regions at the 95 percent confidence level
depending on the models. So, it was needed to select the regression model
falling inside the Accept regions by t—Test for matched pairs sample.

iv) Linear model was found to show a high explanatory power and

- xii -



validity in predicting K in case of not dividing a week into weekday and
weekend, but Linear, Quadratic, Cubic or Power model was found to show
a high explanatory power and validity in predicting K depending on the
direction of expressways in case of dividing a week into weekday and
weekend. So, it was needed to select the most appropriate regression

model depending on weekday, weekend or direction of expressways.
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Table 3.1 Geometry of Expressways under the study
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Q:_j}f: o Nll (3.1)
L
71A,

Q . flow rate for lhour(veh/h)

N number of vehicles observed for unit time(veh)

T : unit time period(15min or lhour)

h; . headway of each flow i(sec)

¢ each flow i(veh)
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Flow distribution at Spot 1(EB) Flow distribution at Spot 5(EB)

Flow distribution at Spot 1(WB) Flow distribution at Spot 5(WB)

Figure 3.1 3D Flow graph at Expressway Ex—10




Flow distribution at Spot 2(NB)
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Table 3.2 Flow statistics at Expressway Ex—10 for weekday

Direction Statistics Flow(veh/h/1) Shift(%)
Max 858 +86
Min 63 —86
Ex—10(EB) Avg 462 —
AM—Peak - -
PM—Peak 817 +77
Max 834 +82
Min 67 —85
Ex—10(WB) Avg 458 —
AM—Peak 798 +74
PM—Peak - -
Table 3.3 Flow statistics at Expressway Ex—10 for weekend
Direction Statistics Flow(veh/h/1) Shift(%)
Max 1,048 +101
Min 61 —88
Ex—10(EB) Avg 522 -
AM—Peak - -
PM—Peak 1,006 +93
Max 928 +83
Min 68 —87
Ex—10(WB) Avg 508 -
AM—Peak 885 +74
PM—Peak - -




Flow in Ex-10(EB)
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Figure 3.3 Flow distribution in Ex—10(EB)
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Average flow in Ex-10(EW)
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Figure 3.5 Average flow distribution in Ex—10(EW)
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530t (veh/h/D St Hlaslel ¢ 100%3%E F71etdn HaEdF o 60t
(veh/h/D) ¢} HlaLste] oF 89% QL FHAd Ao Yttt 53], ¥4 =
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3.4~3.5¥ Figures 3.6~3.8).
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Table 3.4 Flow statistics at Expressway Ex—1 for weekday

Direction Statistics Flow(veh/h/1) Shift(%)
Max 912 +99
Min 55 —88
Ex—1(NB) Avg 458 -
AM—Peak 861 +88
PM—Peak - -
Max 875 +108
Min 53 —87
Ex—1(SB) Avg 421 —
AM—Peak - -
PM—Peak 817 +94




Table 3.5 Flow statistics at Expressway Ex—1 for weekend

Direction Statistics Flow(veh/h/1) Shift(%)
Max 1,057 +100
Min 60 —89
Ex—1(NB) Avg 529 —
AM—Peak 989 +87
PM—Peak - -
Max 1,078 +116
Min 56 —89
Ex—1(SB) Avg 500 —
AM—Peak - -
PM—Peak 1,024 +105
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Figure 3.6 Flow distribution in Ex—1(NB)



Flow in Ex-1(SB)
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Figure 3.8 Average flow distribution in Ex—1(NS)
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AdubH o7 LT (speed) T W A|ZHECko] o] F3F A EA 1AIZE
g9 AHAFHdEER A3stR 1, £ @9 E= kilometers per hour(km/h)

=
2 gdHgler, g g2 AddAdS AH SN ARgelt(E,

and Hoel, 1988).

3.6xXD 3.6xXD
U=—=—"+= N
e
Ni:l D;
(3.2)
o] 7] A,
U, : spot mean speed(km/h)
D . distance between loop detectors at spot(m)
t : mean travel time(sec)
U, : travel speed for each vehicle i(km/h)
N : number of vehicles observed(veh)
IEER Ex—13 Ex—109] 571 AmASH A &l SEiX s A 4

3}, o} 2] Figures 3.9~3.10014] B nle} o] 9 A|7HH &5 HEof A
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Figure 3.10 3D Speed graph at Expressway Ex—1




Table 3.6 Speed statistics at Expressway Ex—10 for weekday

Direction Statistics Speed(km/h) Shift(%)
Max 100 +4
Min 91 -5
Ex—10(EB) Avg 96 —
AM—Peak - -
PM—Peak 97 1
Max 97 +5
Min 85 =7
Ex—10(WB) Avg 92 —
AM—Peak 92 0
PM—Peak - -
Table 3.7 Speed statistics at Expressway Ex—10 for weekend
Direction Statistics Speed(km/h) Shift(%)
Max 103 +4
Min 93 —6
Ex—10(EB) Avg 99 -
AM—Peak - -
PM—Peak 98 -1
Max 103 +4
Min 94 -5
Ex—10(WB) Avg 99 -
AM—Peak 98 -1
PM—Peak - -
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Figure 3.12 Speed distribution in Ex—10(WB)
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Table 3.8 Speed statistics at Expressway Ex—1 for weekday

Direction Statistics Speed(km/h) Shift(%)
Max 100 +6
Min 84 —10
Ex—1(NB) Avg 94 —
AM—Peak 90 -3
PM—Peak - -
Max 103 +6
Min 89 -8
Ex—1(SB) Avg 97 -
AM—Peak - -
PM—Peak 99 +2




Table 3.9 Speed statistics

at Expressway Ex—1 for weekend

Direction Statistics Speed(km/h) Shift(%)
Max 107 +7
Min 94 -7
Ex—1(NB) Avg 101 —
AM—Peak 98 -3
PM—Peak - -
Max 108 +4
Min 97 -6
Ex—1(SB) Avg 104 —
AM—Peak - -
PM—Peak 103 -1
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Figure 3.14 Speed distribution in Ex—1(NB)
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Figure 3.16 Average speed distribution in Ex—1(NS)
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Figure 3.17 3D Occupancy graph at Expressway Ex—10
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Table 3.10 Occupancy statistics at Expressway Ex—10 for weekday

Direction Statistics Occupancy (%) Shift(%)
Max 7.9 +75
Min 0.9 —80
Ex—10(EB) Avg 4.5 —
AM—Peak - -
PM—Peak 7.3 +62
Max 8.4 +76
Min 1.0 —-79
Ex—10(WB) Avg 4.7 —
AM—Peak 8.0 +68
PM—Peak - -

Table 3.11 Occupancy statistics at Expressway Ex—10 for weekend

Direction Statistics Occupancy (%) Shift(%)
Max 8.3 +90
Min 0.8 —82
Ex—10(EB) Avg 4.4 -
AM—Peak - -
PM—Peak 8.0 +83
Max 8.4 +88
Min 0.8 —82
Ex—10(WB) Avg 4.4 -
AM—Peak 7.7 +73
PM—Peak - -
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Figure 3.20 Occupancy distribution in Ex—10(WB)
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Table 3.12 Occupancy statistics at Expressway Ex—1 for weekday
Direction Statistics Occupancy (%) Shift(%)
Max 3.4 +101
Min 0.5 —-73
Ex—1(NB) Avg 1.7 -
AM—Peak 3.1 +83
PM—Peak - -
Max 3.3 +115
Min 0.4 =72
Ex—1(SB) Avg 1.6 —
AM—Peak - -
PM—Peak 3.1 +96




Table 3.13 Occupancy statistics at Expressway Ex—1 for weekend

Direction Statistics Occupancy (%) Shift(%)
Max 4.0 +103
Min 0.5 —76
Ex—1(NB) Avg 2.0 —
AM—Peak 3.7 +88
PM—Peak - -
Max 4.1 +115
Min 0.4 —76
Ex—1(SB) Avg 1.9 —
AM—Peak - -
PM—Peak 3.8 +103
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Figure 3.22 Occupancy distribution in Ex—1(NB)
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Figure 3.24 Average occupancy distribution in Ex—1(NS)
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Table 3.14 Headway statistics at Expressway Ex—10 for weekday

Direction Statistics Headway (sec) Shift(%)
Max 57.9 +281
Min 4.2 =72
Ex—10(EB) Avg 15.2 —
AM—Peak - -
PM—Peak 4.5 —-71
Max 53.7 +263
Min 4.3 -71
Ex—10(WB) Avg 14.8 —
AM—Peak 4.5 —69
PM—Peak - -

Table 3.15 Headway statistics at Expressway Ex—10 for weekend

Direction Statistics Headway (sec) Shift(%)
Max 60.5 +302
Min 3.9 =77
Ex—10(EB) Avg 15.1 —
AM—Peak - -
PM—Peak 3.6 —76
Max 54.5 +281
Min 3.9 —-73
Ex—10(WB) Avg 14.3 —
AM—Peak 4.2 -71
PM—Peak - -
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Table 3.16 Headway statistics at Expressway Ex—1 for weekday

Direction Statistics Headway (sec) Shift(%)
Max 65.8 +289
Min 4.0 =77
Ex—1(NB) Avg 16.9 —
AM—Peak 4.2 —75
PM—Peak - -
Max 68.6 +272
Min 4.1 —78
Ex—1(SB) Avg 18.4 —
AM—Peak - -
PM—Peak 4.4 —76




Table 3.17 Headway statistics at Expressway Ex—1 for weekend

Direction Statistics Headway (sec) Shift(%)
Max 61.6 +321
Min 3.4 =77
Ex—1(NB) Avg 14.6 —
AM—Peak 3.7 —75
PM—Peak - -
Max 66.9 +285
Min 3.4 —81
Ex—1(SB) Avg 17.4 —
AM—Peak - -
PM—Peak 3.5 —80
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Figure 3.30 Headway distribution in Ex—1(NB)



Headway in Ex-1(SB)

100
80
f \
U Th] X
: \
= 40 1
7\
20
0
1234567 8 9101112131415161718192021222324
Time of day{hour)
Htce | T s ed) Hi{TEu) #jFri| szt iz
Figure 3.31 Headway distribution in Ex—1(SB)
Average headway in Ex-1(NS)
80
70
lEn \
& 50 f/
= /
£
g Y
x 20
10
0

1 2232 45 67 8 9101112131415161718192021222324
Time of daylhour)

=——NB({day)

MBlend] =—=5B(day) 5B(end)

Figure 3.32 Average headway distribution in Ex—1(NS)




AyHor EEZ Ex—13 Ex—109] X}FFA|7HEZ

°F 69%~76%7 =7HA

o2 e

al

K

)
fite)
o

A

}

o] oF 7T1%~80% A =7}A] 7+

}

N

AP A



Aubd o & W (density) & @77 W B35t = AFHUE on|st
o, 0w Aue] AHe 6 BdT Ul ol EAte] e 4H B3

g Ae 44 @7 gEel 1km B9AUE FHoE Hme} AFAo R

gyt a&EZ Ex—13% Ex—109] 7]EZFzkelA 5 7hEE 2Ee
?]+= vehicle per kilometer per lane(veh/km/l)® ZHEFQow, sy e
AR S A SZEA A ARESATH(E, 2012; A &, 2007; A &, 2008;
o] 5, 1999; TRB, 1975).

1,000

K—Th ( 3.7)
7] A,

D, : headway distance(m/veh)

T, : mean headway(sec)

U, : space mean speed(km/h)

K . density(veh/km/1)
U&EER Ex—17 Ex—109 57 A5@#FZAH vis] dEREE A 2



(veh/km/DZ B+ U= oF 5tl(veh/km/1) 9} Hludte] oF 86% 4= Z7183laL
A UE+ 9F 1di(veh/km/DE H Do} vHluste] oF 86 HE HAa
b Fko = Ho 27k of 11d(veh/km/DZE H Ex= oF 5t (veh/km/1)
o} wjuste] oF 104% 4= S7FetHa HA Des oF 1d(veh/km/D)ZE Ht
D=l vluste] oF 88%AE FhAad o= JEwt. 53], WA FHL
(e 7TAI~9AI9F 2% 17A]~19A])9} Hlwele] 1&EEZ Ex—10(EB)

NAE FEo ATBAY Hamge Fage yFes oF HTAY

o

&:

(PM—Peak: 17A]~182)ell oF 76% =2 WEZI/IE B Fodo= o7}
LA Ao gako % HAF A7 (PM—Peak: 174]~18
ADell oF 96%°] HEF7FE Bl A= UER (A Tables 3.18~3.19%
Figures 3.35~3.37).

aga FuUe 1EHEE Ex—10(WB)olAE F3dd Hd d=7F <o 9
(veh/km/DZ B+ U= oF 5dl(veh/km/1) 9} ¥laLste] oF 849 A% F71slSlal

™
ofy
ol
rir
to

Ha dxE 9 1d(veh/km/DE B LTS vlaste] ok 859 A% 7HA3
Hhd - Faol= Ho) Ux7F oF 10t (veh/km/DE H L% oF 5 (veh/km/1)
o} wlalste] oF 86 HE SUIEIF AL HA UEE oF 192 Ha WEe vl

TAI~9A19F @ % 17A~194]) ¢k Hlalste] &R Ex—10(WB)olM = F3ol
AFEAe] FAFol Aeshs 2 HFARIH(AM-Peak: 10A]~11A])°l <F
5% METTHE Blal T o 7pEA ) IFEA Y S JT
st 2 HFAIZ(AM—Peak: 10A1~11A])el oF 77%9] =T 7tE 22
Ao g YEPY (3% Tables 3.18~3.19% Figures 3.35~3.37).
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Figure 3.33 3D Density graph at Expressway Ex—10
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Figure 3.34 3D Density graph at Expressway Ex—1



Table 3.18 Density statistics at Expressway Ex—10 for weekday

Direction Statistics Density(veh/km/1) Shift(%)
Max 8.9 +86
Min 0.7 —86
Ex—10(EB) Avg 4.8 —
AM—Peak - -
PM—Peak 8.4 +76
Max 9.1 +84
Min 0.7 —85
Ex—10(WB) Avg 4.9 —
AM—Peak 8.6 +75
PM—Peak - -
Table 3.19 Density statistics at Expressway Ex—10 for weekend
Direction Statistics Density(veh/km/1) | Shift(%)
Max 10.8 +104
Min 0.6 —88
Ex—10(EB) Avg 5.3 -
AM—Peak - -
PM—Peak 10.3 +96
Max 9.6 +86
Min 0.7 —86
Ex—10(WB) Avg 5.1 -
AM—Peak 9.1 +77
PM—Peak - -
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Figure 3.36 Density distribution in Ex—10(WB)
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Direction Statistics Density(veh/km/1) | Shift(%)
Max 10.2 +108
Min 0.6 —88
Ex—1(NB) Avg 4.9 —
AM—Peak 9.5 +95
PM—Peak - -
Max 8.9 +106
Min 0.6 —87
Ex—1(SB) Avg 4.3 —
AM—Peak - -
PM—Peak 8.2 +92




Table 3.21 Density statistics at Expressway Ex—1 for weekend

Direction Statistics Density(veh/km/1) Shift(%)
Max 10.9 +108
Min 0.6 —88
Ex—1(NB) Avg 5.2 —
AM—Peak 10.2 +93
PM—Peak - -
Max 10.6 +120
Min 0.6 —88
Ex—1(SB) Avg 4.8 —
AM—Peak - -
PM—Peak 10.0 +107
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Figure 3.38 Density distribution in Ex—1(NB)
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Table 4.1 K—statistics at Expressways under the study

Direction | Statistics Mon | Tue | Wed | Thu Fri Sat Sun
Max 0.071 ] 0.080 | 0.079 | 0.078 | 0.078 | 0.079 | 0.088

Ex—10(EB) Min 0.005 | 0.006 | 0.006 | 0.006 | 0.006 | 0.006 | 0.004
Avg 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042

Max 0.073 ] 0.077 | 0.079 | 0.077 | 0.072 | 0.076 | 0.077

Ex—10(WB)| Min 0.006 | 0.006 | 0.006 | 0.006 | 0.006 | 0.006 | 0.005
Avg 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042

Max 0.088 | 0.083 | 0.082 | 0.083 | 0.080 | 0.082 | 0.084

Ex—1(NB) Min 0.005 | 0.005 | 0.005 | 0.006 | 0.005 | 0.005 | 0.004
Avg 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042

Max 0.083 | 0.090 | 0.090 | 0.086 | 0.085 | 0.083 | 0.096

Ex—1(SB) Min 0.004 | 0.005 | 0.006 | 0.006 | 0.005 | 0.006 | 0.004
Avg 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042 | 0.042

K-Distribution in Ex-10(EB)

K-Distribution in Ex-10(WB)

Figure 4.1 3D K—graph in Ex—10
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K-Distribution in Ex-1(NB) K-Distribution in Ex-1(SB)

Figure 4.2 3D K—graph in Ex—1
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Table 4.2 K—statistics at Expressways for weekday

Direction Statistics K Shifting(%)
Max 0.077 +85
Ex—10(EB) Min 0.006 —86
Avg 0.042 —
Max 0.076 +81
Ex—10(WB) Min 0.006 —85
Avg 0.042 -
Max 0.082 +96
Ex—1(NB) Min 0.005 —-88
Avg 0.042 —
Max 0.087 +108
Ex—1(SB) Min 0.005 —87
Avg 0.042 -

K-Distribution at Spot 1

K-Distribution at Spot 5

Figure 4.3 3D K—graph in Ex—10(EB) for weekday
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K-Distribution at Spot 1

K-Distribution at Spot 5

Figure 4.4 3D K—graph in Ex—10(WB) for weekday

K-Distribution at Spot 2

K-Distribution at Spot 4

Figure 4.5 3D K—graph in Ex—1(NB) for weekday
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K-Distribution at Spot 2 K-Distribution at Spot 4

Figure 4.6 3D K—graph in Ex—1(SB) for weekday
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K-Distribution at Spot 5
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Figure 4.9 Peak—K in Ex—10(WB) for weekday
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K-Distribution at Spot 5
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K-Distribution at Spot 4

0.100 .
L]
" -
0.080 A ams
" -
0.060 Do
= ' E
0.040 —
g i
0.020 s
-
0.000 e
1234567 8 9101112131415161718192021222324
Time of day
—on —Te e—ad Thu Fri Avg
Figure 4.12 Peak—K in Ex—1(NB) for weekday
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Figure 4.13 Peak—K in Ex—1(SB) for weekday
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K-Distribution at Spot 4
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Table 4.3 K—statistics at Expressways for weekend

Direction Statistics K Shifting(%)
Max 0.083 +99
Ex—10(EB) Min 0.005 —88
Avg 0.042 —
Max 0.076 +83
Ex—10(WB) Min 0.006 —87
Avg 0.042 -
Max 0.083 +98
Ex—1(NB) Min 0.005 —-88
Avg 0.042 —
Max 0.089 +114
Ex—1(SB) Min 0.005 —88
Avg 0.042 -

K-Distribution at Spot 1

K-Distribution at Spot 5

Figure 4.15 3D K—graph in Ex—10(EB) for weekend
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K-Distribution at Spot 1 K-Distribution at Spot 5
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Figure 4.16 3D K—graph in Ex—10(WB) for weekend

K-Distribution at Spot 2 K-Distribution at Spot 4

Figure 4.17 3D K—graph in Ex—1(NB) for weekend
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K-Distribution at Spot 2 K-Distribution at Spot 4
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Figure 4.18 3D K—graph in Ex—1(SB)
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Figure 4.19 Peak—K in Ex—10(EB) for weekend
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K-Distribution at Spot 5
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Figure 4.21 Peak—K in Ex—10(WB) for weekend
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K-Distribution at Spot 4
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Figure 4.25 Peak—K in Ex—1(SB) for weekend
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K-Distribution at Spot 4
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Table 5.1 Directional K—models in Ex—10 and Ex—1 for a week

Direction K—model R? |F-sig.
LIN K =—0.005+0.011x O 0.971/0.000
QUA K = —0.004+0.01 X O+ 0.00007964 < O? 0.971]0.000
Ex—10(EB) ‘
CUB[K = — 0.001 + 0.007 X O+ 0.001 X O*— 0.00006247 < 0*0.972(0.000
POW K =0.007 x O'?? 0.962/0.000
LIN K = —0.002+0.01 X O 0.923/0.000
QUA K =-0.014+0.015x O—0.001 x O* 0.940/0.000
Ex—10(WB) t
CUB|K = —0.001+ 0.005 % O+ 0.002 < O*— 0.0001695 x 0*0.948|0.000
POW K = 0.007 x 019 0.948/0.000
LIN K = —0.003+0.026 X O 0.946/0.000
QUA K =—0.016+0.044 X O— 0.005 < O* 0.973/0.000
Ex—1(NB)
CUB| K =—0.015+0.042 < O—0.004 > O*—0.00015 > 0* 0.973]0.000
POW K =0.019x O3 0.953/0.000
LIN K = —0.002+0.026 X O 0.935/0.000
QUA K = —0.016 4+ 0.045 X O— 0.005 X O* 0.970(0.000
Ex—1(SB)
CUB| K =-0.019+0.053 < O—0.009 < O*—0.001x 0® 0.970[0.000
POW K =0.019 x 0'3% 0.946/0.000
LIN K =—0.004+0.01 x O 0.947/0.000
QUA K =—0.0084+0.013 X O—0.0003155 x O? 0.951]0.000
Ex—10(EW) t
CUB| K =0.001+0.004 < O+ 0.002 X O*—0.0001609 x 0* [0.957|0.000
POW K =0.007 x 027 0.955/0.000
LIN K = —0.003+0.026 X O 0.940/0.000
QUA K = —0.016 + 0.045 X O— 0.005 x O* 0.971/0.000
Ex—1(NS)
CUB|K = —0.017+ 0.048 X O— 0.007 X O*+ 0.0003182 < 0*0.971|0.000
POW K =0.019x 0'377 0.949(0.000
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Table 5.2 Directional K—models in Ex—10 and Ex—1 for weekday

Direction K—model R 2 |F-sig.
LIN K =—0.005+0.011x O 0.967/0.000
QUA K = —0.00440.01 X O+ 0.00008993 < O? 0.967|0.000
Ex—10(EB)
CUB [K = —0.001 + 0.006 X O+ 0.001 x O?—0.0000819 x 0*]0.968]0.000
POW K =0.006 x 0?3 0.959(0.000
LIN K = —0.005+0.01 X O 0.942/0.000
QUA K =—0.0124+0.015 X O—0.0004943 x O? 0.954/0.000
Ex—10(WB) )
CUB | K = 0.002+ 0.001 X O+ 0.003 < O*— 0.0002093 < 0* [0.968]0.000
POW K = 0.006 x O'?%7 0.965(0.000
LIN K =—0.005+0.028 X O 0.970/0.000
QUA K = —0.017+0.046 < O—0.005 x O* 0.990(0.000
Ex—1(NB) ‘
CUB |K = —0.016 +0.043 x O— 0.003 x O*— 0.0002884 < 0*]0.990(0.000
POW K =0.02x o' 0.962/0.000
LIN K =—0.004+0.028 X O 0.951/0.000
QUA K = —0.0184+0.049 X O— 0.006 < O* 0.982|0.000
Ex—1(SB)
CUB [K = —0.016 + 0.046 X O— 0.004 X 0>~ 0.0003349 x 03]0.983]0.000
POW K =0.02 x 0**09 0.954/0.000
LIN K =—0.005+0.011x O 0.955/0.000
QUA K =—0.009+0.013 X O— 0.000267 X O 0.957|0.000
Ex—10(EW) f
CUB| K = 0.003+ 0.001 X O+ 0.003 x O>—0.0001953 x O° [0.967(0.000
POW K = 0.006 x 02?52 0.962(0.000
LIN K =—0.004+0.028 X O 0.960/0.000
QUA K = —0.017+0.048 X O—0.005 x O* 0.986/0.000
Ex—1(NS) .
CUB [K = —0.016 + 0.045 X O— 0.004 X O>—0.0002913 x 0*]0.986/0.000
POW K =0.02 x o' 0.958/0.000
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Table 5.3 Directional K—models in Ex—10 and Ex—1 for weekend

Direction K—model R 2 |F-sig.
LIN K =—0.004+0.011x O 0.982/0.000
QUA K =—0.004+0.011 <X O— 0.000000327 x O 0.982|0.000
Ex—10(EB) :
CUBK = — 0.001 + 0.007 < O+ 0.001 X O*— 0.00007068 < 0*0.982(0.000
POW K =0.007 x 0% 0.973/0.000
LIN K =—0.003+0.01 X O 0.898/0.000
QUA K =—0.009+0.017 X O—0.001 x O* 0.941|0.000
Ex—10(WB) )
CUBK = —0.005+0.013 < O+ 0.0003 x O*— 0.0000848 x 0?0.943]0.000
POW K = 0.009 x 07 0.951|0.000
LIN K =—0.003+0.023x O 0.970/0.000
QUA K =—0.013+0.036 x O—0.003 x O* 0.990(0.000
Ex—1(NB)
CUB|K = —0.015+0.041 X O~ 0.006 x O*+0.0003819 < 0*]0.990(0.000
POW K =0.016 x 037 0.967(0.000
LIN K =—0.003+0.024x O 0.985/0.000
QUA K =—0.01+0.032 % O—0.002 x O* 0.992(0.000
Ex—1(SB)
CUB| K =-0.007+0.048 x O—0.01 x O*+0.001 x 0* ]0.995(0.000
POW K =0.017 x 0!8 0.967|0.000
LIN K =—0.001+0.01 x O 0.940/0.000
QUA K =—0.007+0.014 X O— 0.0004719 x O? 0.951]0.000
Ex—10(EW) ‘
CUB|K = —0.002 4+ 0.009 < O+ 0.001 < O*—0.0001001 x 0*]0.953]0.000
POW K = 0.008 x 014! 0.958/0.000
LIN K =—0.003+0.023x O 0.979/0.000
QUA K =—0.01140.034 <X O—0.002 x O* 0.990(0.000
Ex—1(NS) .
CUB| K =—0.016+0.045x O—0.009 < O*+0.001x 0* ]0.992(0.000
POW K =0.017x 0! 0.967|0.000
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Figure 5.2 K—models in Ex—10(WB) for a week
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Figure 5.3 K—models in Ex—1(NB) for a week
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Figure 5.10 K—models in Ex—1(SB) for weekday
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Figure 5.11 K—models in Ex—10(EB) for weekend
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Figure 5.12 K—models in Ex—10(WB) for weekend
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Figure 5.13 K—models in Ex—1(NB) for weekend
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Figure 5.14 K—models in Ex—1(SB) for weekend
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Figure 5.15 K—models in Ex—10(EW) for weekday
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Figure 5.16 K—models in Ex—1(NS) for weekday
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Table 5.4 Correlation between K, and K. in Ex—10 and Ex—1 for a week

p

. . Correlation . . Correlation
Direction coefficient(r) Direction coefficient(r)
LIN 0.987 LIN 0.980
QUA 0.986 QUA 0.951
Ex—10(EB) Ex—10(WB)
CUB 0.987 CUB 0.983
POW 0.986 POW 0.976
LIN 0.973 LIN 0.969
QUA 0.986 QUA 0.985
Ex—1(NB) Ex—1(SB)
CUB 0.986 CUB 0.434
POW 0.953 POW 0.947
LIN 0.982 LIN 0.971
QUA 0.982 QUA 0.985
Ex—10(EW) Ex—1(NS)
CUB 0.983 CUB 0.941
POW 0.979 POW 0.950
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Table 5.5 Correlation between K, and K,

p

in Ex—10 and Ex—1 for weekday

. . Correlation . . Correlation
Direction coefficient(r) Direction coefficient(r)
LIN 0.984 LIN 0.993
QUA 0.984 QUA 0.994
Ex—10(EB) Ex—10(WB)
CUB 0.984 CUB 0.994
POW 0.983 POW 0.965
LIN 0.984 LIN 0.977
QUA 0.994 QUA 0.990
Ex—1(NB) Ex—1(SB)
CUB 0.994 CUB 0.991
POW 0.965 POW 0.956
LIN 0.987 LIN 0.981
QUA 0.985 QUA 0.993
Ex—10(EW) Ex—1(NS)
CUB 0.987 CUB 0.993
POW 0.986 POW 0.962
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Table 5.6 Correlation between K, and K,

p

in Ex—10 and Ex—1 for weekend

. . Correlation . . Correlation
Direction coefficient(r) Direction coefficient(r)
LIN 0.993 LIN 0.959
QUA 0.993 QUA 0.970
Ex—10(EB) Ex—10(WB)
CUB 0.993 CUB 0.974
POW 0.991 POW 0.954
LIN 0.987 LIN 0.947
QUA 0.996 QUA 0.997
Ex—1(NB) Ex—1(SB)
CUB 0.850 CUB —0.488
POW 0.969 POW 0.983
LIN 0.974 LIN 0.991
QUA 0.979 QUA 0.996
Ex—10(EW) Ex—1(NS)
CUB 0.980 CUB —0.357
POW 0.970 POW 0.997
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Table 5.7 t—Test results between K, and K.  in Ex—10 and Ex—1 for a week

p

Direction t—value p—value Result
LIN 0.621 0.536 Accept
QUA 12.676 0.000 Reject
Ex—10(EB)
CUB -3.518 0.001 Reject
POW —1.514 0.132 Accept
LIN —1.492 0.138 Accept
QUA 12.918 0.000 Reject
Ex—10(WB)
CUB —-9.987 0.000 Reject
POW —2.254 0.025 Accept
LIN -0.033 0.974 Accept
QUA 3.802 0.000 Reject
Ex—1(NB)
CUB 4.050 0.000 Reject
POW —2.404 0.017 Reject
LIN —=0.468 0.640 Accept
QUA 2.209 0.029 Accept
Ex—1(SB)
CUB 8.453 0.000 Reject
POW —0.628 0.531 Accept
LIN 9.667 0.000 Reject
QUA 3.518 0.000 Reject
Ex—10(EW)
CUB —-3.532 0.000 Reject
POW —2.668 0.008 Reject
LIN 1.107 0.269 Accept
QUA 0.665 0.507 Accept
Ex—1(NS)
CUB 11.972 0.000 Reject
POW —2.022 0.044 Accept
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Table 5.8 t—Test results between K, and K., in Ex—10 and Ex—1 for weekday

p

Direction t—value p—value Result
LIN —-0.369 0.713 Accept
QUA 10.259 0.000 Reject
Ex—10(EB)
CUB 11.275 0.000 Reject
POW 10.165 0.000 Reject
LIN 6.182 0.000 Reject
QUA —4.859 0.000 Reject
Ex—10(WB)
CUB —13.474 0.000 Reject
POW —-1.018 0.311 Accept
LIN 1.393 0.166 Accept
QUA 2.294 0.024 Reject
Ex—1(NB)
CUB —0.053 0.958 Accept
POW —-2.607 0.010 Reject
LIN 1.649 0.102 Accept
QUA 3.894 0.000 Reject
Ex—1(SB)
CUB 0.429 0.668 Accept
POW —0.640 0.523 Accept
LIN —6.025 0.000 Reject
QUA 0.288 0.773 Accept
Ex—10(EW)
CUB —17.415 0.000 Reject
POW 8.320 0.000 Reject
LIN 0.989 0.324 Accept
QUA —8.890 0.000 Reject
Ex—1(NS)
CUB 4.275 0.000 Reject
POW —-2.072 0.039 Accept
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Table 5.9 t—Test results between K, and K., in Ex—10 and Ex—1 for weekend

exp

Direction t—value p—value Result
LIN —0.001 0.999 Accept
QUA 0.015 0.988 Accept
Ex—10(EB)
CUB 1.848 0.071 Accept
POW 4.353 0.000 Reject
LIN —-3.687 0.001 Reject
QUA 2.709 0.009 Reject
Ex—10(WB)
CUB —-3.377 0.001 Reject
POW —2.381 0.021 Reject
LIN 0.885 0.380 Accept
QUA —0.837 0.407 Accept
Ex—1(NB)
CUB 5.538 0.000 Reject
POW —0.561 0.577 Accept
LIN —-2.382 0.021 Reject
QUA 2.093 0.042 Accept
Ex—1(SB)
CUB 3.468 0.001 Reject
POW —-1.476 0.147 Accept
LIN 1.312 0.193 Accept
QUA 1.779 0.079 Accept
Ex—10(EW)
CUB —4.914 0.000 Reject
POW —0.075 0.434 Accept
LIN 1.794 0.076 Accept
QUA —-7.972 0.000 Reject
Ex—1(NS)
CUB 7.560 0.000 Reject
POW —2.740 0.007 Reject
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Figure 5.19 K—model verification in Ex—10(EB) for a week
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Figure 5.20 K—model verification in Ex—10(WB) for a week
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K-Distribution in Ex-1(NB)
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Figure 5.21 K—model verification in Ex—1(NB) for a week
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Figure 5.22 K—model verification in Ex—1(SB) for a week
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K-Distribution in Ex-10(EB)
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Figure 5.23 K—model verification in Ex—10(EB) for weekday
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Figure 5.24 K—model verification in Ex—10(WB) for weekday
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K-Distribution in Ex-1(NB)
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Figure 5.25 K—model verification in Ex—1(NB) for weekday
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Figure 5.26 K—model verification in Ex—1(SB) for weekday
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Figure 5.27 K—model verification in Ex—10(EB) for weekend
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Figure 5.28 K—model verification in Ex—1(NB) for weekend
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K-Distribution in Ex-1(SB)
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Figure 5.29 K—model verification in Ex—1(SB) for weekend
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Table 5.10 RMSE results between models for a week

Direction Model RMSE Result
LIN 0.0039 O
QUA -
Ex—10(EB)
CUB -
POW 0.0042
LIN 0.0046 O
QUA -
Ex—10(WB)
CUB -
POW 0.0053
LIN 0.0058 O
QUA o
Ex—1(NB)
CUB <
POW 0.0107
LIN 0.0065
QUA 0.0047 O
Ex—1(SB)
CUB -
POW 0.0111
LIN -
QUA -
Ex—10(EW)
CUB -
POW -
LIN 0.0062
QUA 0.0044 O
Ex—1(NS)
CUB -
POW 0.0108

- 120 -




Table 5.11 RMSE results between models for weekday

Direction Model RMSE Result

LIN 0.0041 O

QUA -

Ex—10(EB)
CUB -

POW -

LIN -

QUA -
Ex—10(WB)

CUB -

POW 0.0029 O

LIN 0.0047

QUA >

Ex—1(NB)
CUB 0.0028 O

POW -

LIN 0.0056

QUA -
Ex—1(SB)

CUB 0.0036 O

POW 0.0100

LIN -

QUA 0.0039 O
Ex—10(EW)

CUB -

POW -

LIN 0.0050 O

QUA -

Ex—1(NS)
CUB -

POW 0.0098
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Table 5.12 RMSE results between models for weekend

Direction Model RMSE Result
LIN 0.0032 O
QUA 0.0032
Ex—10(EB)
CUB 0.0032
POW -
LIN -
QUA -
Ex—10(WB)
CUB -
POW -
LIN 0.0039
QUA 0.0023 O
Ex—1(NB)
CUB <
POW 0.0082
LIN =
QUA 0.0023 O
Ex—1(SB)
CUB -
POW 0.0081
LIN 0.0056
QUA 0.0052 O
Ex—10(EW)
CUB -
POW 0.0065
LIN 0.0036 O
QUA -
Ex—1(NS)
CUB -
POW -
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