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Delay Prediction on Urban Freeway Basic Segment Using

Lane—based Speed Characteristics in Rush Hour
— Based on I—696 in the State of Michigan —

Jin Ho, Lim

Department of Civil and Environmental Engineering,

Graduate School, Korea Maritime University, Busan Korea

Abstract

Generally urban freeway means the intra—city freeway with 4 lanes or
more, which plays a key role in the urban transportation system, carries
the tremendous automobiles, and keeps the free flow speed except for the
rush hours. Urban freeway (I—696) under this study is a divided
ground—level freeway having 3 to 4 lanes in each direction from Novi in
the west to St. Clair Shores in the east in the State of Michigan, and is
also suffering from severe traffic congestion during the morning rush
hours. So it was absolutely needed to study the appropriate travel
characteristics on urban freeway basic segment congested during the rush
hours.

The purpose in this study was to Iinvestigate roadway and traffic
characteristic data on the 8—lane urban freeway basic segments congested
during the rush hours (06:30~07:30), analyze the correlation between the
lane—based traffic characteristics in the urban freeway basic segments
congested, and finally suggest the optimal delay model for predicting travel
delay on the urban freeway basic segments using the lane—based speed
characteristics.

From the traffic characteristic analyses, and development and validation of

delay model in urban freeway, the following conclusions were drawn;

= Vil -



1) Urban f{reeway traffic management system(UFTMS) using the
lane—based traffic characteristics was thought to need for increasing traffic
safety, reducing traffic congestion, and maximizing lane utilization because
there was a distinct difference in the lane—based traffic characteristics.

ii) Urban freeway delay prediction technique using the lane—based
traffic characteristics was thought to need for speed control on the urban
freeway because there was a negative correlation between the lane—based
speeds and travel delay in freeway, especially a high correlation between
the 2nd lane speed and travel delay in urban freeway.

iii) Cubic model and exponential model proved to fit for predicting travel
delay with the 2nd and 3rd lanes, and the 4th lane in urban freeway basic
segment, respectively, but especially cubic model proved to fit for best

predicting travel delay in urban freeway with the higher explanatory power

of the determination coefficients(R?) of 0.941.

iv) Cubic model in urban freeway especially proved a high correlation
between observed delay and expected delay with the high correlation
coefficients(r) of about 0.8124 to 0.9816, and also proved a high
explanatory and valid delay predictive model with the low RMSE results of
about 1.4 sec to 4.1 sec between the delay models using the lane—based

speed characteristics.
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Fig. 1.1 Freeway network around the Detroit metro area
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Table 1.1 Geometry of urban freeway basic segment(I—696)

Item Geometric data
No. of lanes 4
Lane width 3.6m
Speed limit 112km/h
Right shoulder >1.5m
Left shoulder >1.5m
Length 1.12 km
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Table 2.1 Flow rate statistics at basic segment 2

Basic segment Flow rate(veh/h/1) | Shift(%)
Max 1,980 -0.8
Lanel Min 570 —42.0
Avg 1,137 —-25.8
Max 2,070 3.8
Lane2 Min 690 —29.8
Avg 1,624 5.9
Max 3,000 50.4
segment 2 Lane3 Min 990 0.7
Avg 2,217 44.6
Max 1,530 —-23.3
Lane4 Min 750 —23.7
Avg 1,193 —22.2
Max 1,995 -
Segment Min 983 -
Avg 1,533 -
Table 2.2 Flow rate statistics at basic segment 4
Basic segment Flow rate(veh/h/1) | Shift(%)
Max 1,860 -6.8
Lanel Min 450 —52.0
Avg 1,116 —27.5
Max 2,100 5.3
Lane2 Min 810 —-13.6
Avg 1,680 9.2
Max 3,090 54.9
segment 4 Lane3 Min 720 —-23.2
Avg 2,198 42.8
Max 1,440 —27.8
Lane4 Min 690 —26.4
Avg 1,159 —24.7
Max 1,995 -
Segment Min 938 -
Avg 1,539 -
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Table 2.3 Speed statistics at basic segment 2

Basic segment Speed(km/h) Shift(%)
Max 135 18.4
Lanel Min 43 22.9
Avg 122 25.8
Max 122 7.0
Lane2 Min 8 =77.1
Avg 100 3.1
Max 114 0.0
segment 2 Lane3 Min 13 —62.9
Avg 88 —-9.3
Max 102 —10.5
Lane4 Min 23 —34.3
Avg 85 —-12.4
Max 114 —
Segment | Min 35 -
Avg 97 -

Table 2.4 Speed statistics at basic segment 4

Basic segment Speed(km/h) Shift(%)
Max 137 20.2
Lanel Min 17 —-22.7
Avg 121 27.4
Max 123 7.9
Lane2 Min 7 —68.2
Avg 99 4.2
Max 110 —-3.5
segment 4 Lane3 Min 7 —-68.2
Avg 85 —-10.5
Max 101 —11.4
Lane4 Min 36 63.6
Avg 84 —11.6
Max 114 —
Segment | Min 22 —
Avg 95 -
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Table 2.5 Density statistics at basic segment 2

Basic segment Density(veh/km) | Shift(%)
Max 37 2.8
Lanel Min 4 —55.6
Avg 10 —41.2
Max 83 130.6
Lane2 Min 11 22.2
Avg 20 17.6
Max 89 147.2
segment 2 Lane3 Min 12 33.3
Avg 29 70.6
Max 34 —5.6
Lane4 Min 9 0.0
Avg 15 -11.8
Max 36 -
Segment | Min 9 -
Avg 17 -
Table 2.6 Density statistics at basic segment 4
Basic segment Density(veh/km) | Shift(%)
Max 58 20.8
Lanel Min 4 —63.6
Avg 11 —38.9
Max 110 129.2
Lane2 Min 11 0.0
Avg 23 27.8
Max 103 114.6
segment 4 Lane3 Min 15 36.4
Avg 31 72.2
Max 31 —35.4
Lane4 Min 10 —-9.1
Avg 15 -16.7
Max 48 -
Segment | Min 11 —
Avg 18 -
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Table 3.1 Correlation characteristics of Q,,..— K,

1!

Segment

Qmax

leax

szax

segment 2

KH

19

7,980

15

1,980

20

2,070

32

3,000

17

1,530

segment 4

20

7,980

15

1,860

20

2,100

34

3,090

17

1,440
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Fig. 3.1 Q—K relationship at basic segment 2
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Table 3.2 Correlation characteristics of Q,..— Uy,

1!

Segment

Qmax

leax

szax

Q4max

segment 2

105

7,980

122

1,980

103

2,070

93

3,000

89

1,530

segment 4

102

7,980

120

1,860

U2,

104

2,100

&

M

91

3,090

U4AI

78

1,440
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Table 3.3 Correlation characteristics of K,,— U,,

Segment

KH

Kl M

K2 M

K3y,

K4AI

segment 2

Unr

105

19

ULy,

122

15

103

20

93

32

89

17

segment 4

102

20

120

15

104

20

91

34

78

17
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Table 4.1 Correlation of D— U, at basic segments(I—696)

Segment 1 Uy U, Ug Ug,
ABAF —-0.933 —-0.983 —0.989 —-0.981

D HAnY CUB CUB EXP EXP
R? 0.871 0.966 0.978 0.963

Segment 2 Uy U, Ug Uy
ABAF —0.877 -0.977 —-0.982 —0.989

D HHRY QUA CUB EXP CUB
R2 0.769 0.955 0.964 0.978

Segment 3 Uy U, Ug Ug,
ABAF —-0.866 —-0.991 —-0.979 —-0.975

D HAnY CUB CUB EXP EXP
R2 0.750 0.983 0.958 0.951

Segment 4 Uy U, Ug Uy
ABAF —-0.982 —0.994 —-0.978 —-0.982

D HArY CUB LOG EXP EXP
R2 0.965 0.988 0.957 0.965

Segment 5 U, Ug Ug Uy
FBATF —0.869 —0.960 —-0.979 -0.976

D HAnY CUB CUB EXP EXP
R2 0.755 0.921 0.959 0.952

Segment 6 Ug Uy Ug Uy
FBATF —0.980 —-0.991 -0.936 -0.915

D HAnY CUB CUB EXP POW
R2 0.960 0.982 0.876 0.837

Segment 7 Uy Ug Ug Uy
FBATF —-0.957 -0.972 -0.956 —-0.977

D HAnY CUB CUB EXP POW
R2 0.916 0.945 0.914 0.954

Segment 8 Uy Ug Ug Uy
FBATF —0.962 —0.955 —-0.961 —0.982

D HHRY CUB CUB EXP EXP
R2 0.925 0.912 0.923 0.965
No. of lanes modeled 0 3 2 3
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4.2 Uﬁﬂ:rl—gj—

B ATy mAnEERY F 89 RTE FAA 44 RTINS F
oz AARH(SI~50)3 BFRY(S)e] TFHEYE, BT AEw
ol ael A ARTAARI ARG T ALHYw, FHEY
A 47) AR BRART FHRITE ASHIC, U 479
NETHARE FFRIY FF ASHAY 283 BYTEA Qold F
EWsRE /R BYAA(D)E AHYE, SPEsRs 428 P
SE(Uy, Uy 2 U7t AEH200, 919 41804 48 BFE

g Weses 48 A9 obdiek 2ol AAE = A

e
e

o,

CUB:  D=p,+08, X Ug+ 83, X U, + B, X Us
EXP:  D=g,xe" "%
POW: D=g,x Ug

LOG: D=g,+ (8, xIn(Us,))

o] 7141,
Ug 713273 B &% (km/h)
Us; 713 iz e g (km/h) (i=2, 3, 4)
B; AR AF (j=0, 1, 2, 3)

(multi—collinearity) ] A& 3lZsl7] ¢ =

=3t 53], MERFAAE 33 T4t AFEFE et thge 3
S 2, 2AAF(R))S 0.978~0.988% UETE  wbE E3w
o= 37 AR(2xk=, 3xE B 4xt2)e] H& o 747 x|, 34 &
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F, 2agts 9wyt ARHNSH, 2ARE o8 Agele 3Ads
(CUB)7F HA 9] ARGz AN, 3a29} 4425 o] 8T Folc
A3 (EXP)7E HA o] AARgoer Agwon, AGAF(R)#S 44
0.941, 0.963 ¥ 0.962% ¥& AW=S Bl

EE AAFAA i FoldESs HEls F-8AFE 0.0000%2 YER
=AEda, EEHERe] fode vl ds A

=
fFelgtEe] WF 000002 H§ fold Aew Urten AAmAcA:
U.)
4.2~4.5).
3
B3, 3dme) adne] PAEEE o]&F A9 A4TF B dude

B Aoz kx| g},

Table 4.2 Delay models at freeway basic segments

Segment Delay models R? |F-sig.

S1 D=74.5393 x ¢ 00T Ve 0.978 | 0.000

S2 | D=11.7058+0.7281 X Uy, —0.0198 X U2, +0.0001 % U, | 0.978 | 0.000

S3 | D=22.8384+0.1653 < Uy, —0.0081 X U2, +0.000043 x U2, 0.983 | 0.000

S4 D=59.6204—12.552 X In(Uy,) 0.988 | 0.000
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Table 4.3 Delay models at freeway basic segments using Uy,

Section Delay models R?> |F-sig.
CUB| D=29.4193—0.2846 X Uy, —0.0012 X Uz, +0.000013 X Uz, | 0.941 [0.000
EXP D=68.3429 x ¢ *0H3 Ve 0.86310.000

S
POW D=4231.98 X Ug, "™ 0.717 10.000
LOG D=154.3781—11.372 XIn(Us,) 0.91210.000

Table 4.4 Delay models at freeway basic segments using U,

Section Delay models R? |F-sig.
CUB| D=26.1373—0.1970 X Uy, —0.0041 X Ug, +0.000034 < Uz, | 0.851 0.000
EXP D=56.9825x¢ T Us 0.9630.000

S
POW D=17222.9x-Ug>>"™ 0.86310.000
LOG D=54.3093 —11.711 x1n(Us;) 0.806 |0.000

Table 4.5 Delay models at freeway basic segments using Uy,

Section Delay models R? |F-sig.
CUB| D=13.0376+0.8587 x Uy, —0.0234 X Uz, +0.0001 X Ug, | 0.873|0.000
EXP D=168.266 x¢ " Us 0.962 0.000

S
POW D= 5178885 x Ug,**'™ 0.906 10.000
LOG D=82.4571—18.071 XIn(Us,) 0.816|0.000
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Table 4.6 Verification results of delay model
Correlation coefficient(r)
Segment
T2 ’I”3 ’I”4
segment 1 0.9804 0.9137 0.8752
segment 2 0.9583 0.8798 0.8925
segment 3 0.9816 0.9309 0.8124
segment 4 0.9784 0.8197 0.9295
segment 5 0.9796 0.9018 0.9712
segment 6 0.9587 0.9229 0.9266
segment 7 0.9669 0.8458 0.9552
segment 8 0.9404 0.8812 0.8533
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Table 4.7 RMSE results of delay models on freeway basic segments

Seqment Modelts  oum, EXP, EXP,
segment 1 1.4 2.9 4.1
segment 2 1.9 3.1 4.0
segment 3 VAR 2.7 5.4
segment 4 2.1 5.4 4.1
segment 5 1.9 4.3 3.2
segment 6 3.2 4.1 5.0
segment 7 3.3 5.5 5.1
segment 8 4.1 5.0 5.5
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