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Multi—lane Freeway Speed Prediction Using Lane—based
Speed Characteristics
— Based on I—696 in the State of Michigan —
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Multi—lane Freeway Speed Prediction Using Lane—based

Speed Characteristics
— Based on I—-696 in the State of Michigan —

So Yeoun, Park

Department of Civil and Environmental Engineering,

Graduate School, Korea Maritime University, Busan Korea

Abstract

Generally multi—lane freeway means the freeway with 6 lanes or more,
which plays a key role in the regional transportation system, carries the
tremendous automobiles, and keeps the free flow speed except for the peak
periods. The multi—lane freeway (I—696) under the study is a divided
ground—level freeway having 3 to 4 lanes in each direction of I—696 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 is absolutely needed to study the appropriate travel
characteristics on the multi—lane freeway segments congested during the
rush hours.

The purpose in this study 1is to investigate roadway and traffic
characteristic data in the multi—lane freeway segments congested during
the rush hours (06:30~07:30), analyze the correlation between the
lane—based traffic characteristics in the multi—lane freeway segments
congested, and finally suggest the optimal speed model for predicting the
average speed in the multi—lane freeway using the lane—based speed

characteristics.
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From the traffic characteristic analyses, and development and validation of
speed model in the multi—lane freeway, the following conclusions were

drawn;

1) Freeway traffic management system (FTMS) 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) Freeway speed prediction technique using the lane—based traffic
characteristics was thought to need for speed control on the freeway
because there was a correlation between the lane—based speeds and
average speed in freeway, especially a high correlation between the 3rd
lane speed and average speed in freeway.

iii) Cubic model, exponential model, and power model proved to fit for
predicting average speed in freeway, but especially exponential model

proved to fit for best predicting average speed of freeway with the higher

explanatory power of the determination coefficients(R?) of 0.943.

iv) Exponential speed model in the multi—lane freeway proved to have a
high correlation with average speed in freeway, and also proved a high
correlation between observed speeds and expected speeds with the high

correlation coefficients(r) of about 0.9316 to 0.9526.
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Fig. 1.2 Basic freeway segments
Table 1.1 Geometry of basic freeway segment (I—696)
Item Geometric data
No. of lanes 4
Width of lane 3.6m
Speed limit 112km/h
Right shoulder >1.5m
Left shoulder >1.5m
Length 1.37 km
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Hoth 83 4x2e] Hi TS oF 1,130veh/h® F 27% AL,
Hr TPFFS 9 510veh/h@E oF 47% Ao, Ho EFHFS oF
1,920veh/h® °F 4%8% FHATFOEN 1AZ 9} np7A R B2 A2 o] &&
S HAT(EE Table 2.1 2.2, Fig. 2.13 2.2).

webA thate nE&EER o] 7 kel S8 T ool we A e
AR o] EES HYo RN tAE &k re] 7lFo] SUstd F d=F A=

1o
N
o=
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HoF EA 7] x5t AAZF 7FH A B 33X F(variable message  sign,
VMS)o]r} o] &=} orf F X F(traveler information system, TIS)¥} Z& tlxp

2 &2 uE A A A (freeway traffic management system, FTMS)e]
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Table 2.1 Flow rate statistics at basic freeway segment 2(I—696)

Basic segment Flow rate(veh/h/1) Shift(%)
Max 1,710 —14.6
Lanel Min 660 —36.2
Avg 1,244 —19.9
Max 2,970 48.3
Lane?2 Min 1,250 20.8
Avg 2,236 44.0
Max 2,130 6.3
Segment 2 Lane3 Min 1,080 4.3
Avg 1,565 0.8
Max 1,950 —2.6
Lane4 Min 570 —44.9
Avg 1,167 —24.9
Max 2,003 —
Segment Min 1,035 -
Avg 1,553 -
Table 2.2 Flow rate statistics at basic freeway segment 4(I—696)
Basic segment Flow rate(veh/h/1) Shift(%)
Max 1,470 —24.9
Lanel Min 690 —28.1
Avg 1,165 —24.3
Max 2,910 48.6
Lane2 Min 840 —-12.5
Avg 2,216 44.1
Max 2,160 10.3
Segment 4 Lane3 Min 660 —-31.3
Avg 1,652 7.4
Max 1,830 —6.5
Lane4 Min 570 —40.6
Avg 1,116 —27.4
Max 1,958 —
Segment Min 960 -
Avg 1,538 -
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Fig. 2.1 Flow distribution at segment 2
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2T A7 B9 FHEEER AEAa, £5o W9 kilometers per

hour(veh/h) 2 ZAE oW, 3 2 AXNPAES AX 5T AL
Ak,
U, = i:; (3)
o 7] A,
u, 713 W Bt &= (km/h)
u, ¢ WEAFFS] & (km/h)
n t ol
9 AT TR &2 107 Z1EF A od EAI it
2= oF 95km/h, FA HEE 9 37km/h 28t Y £XEE= oF 114km/h

22} segment 4)oA - ZFHLA]
°F 29km/h 28]3 H) £%E ¢F 1l4km/hz VEbgEd, 2 A2d £ E
el dolA FE5E 2ol BT 53], 1 A= Hyt £%7F of 85km/h=
°F 11% A48t A& £5E oF 30km/hE oF 3% S71etglen, Y £

2 %F 11% HAAFoEHN T e SEEAS Hrh W
, 2229 H £xE oF 87km/hE F 9% FAAEN A, HA e 9
gomn Ao £ oF 112km/hE ¢F 2% A5
b a2ga 3xRe PFi £EE °F 100km/mhE OF 4% FUFeIR A, HA £
= oF 8km/mhE OF 72% FAstgon HUY £ oF 123km/hE OF 8% =
7pgo M R W SEEAN vt SEE5A4S Bt a8y 4x=2
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o] Fy H£EE o 122km/hE F 27% 78I, A4 55 oF 30km/hE
°F 3% Z7lstRom, AU S£xe= oF 136km/hE ¢F 19% 718t 24 2=
oA M = S£EE5AS BAUH(GE Table 2.3% 2.4, Fig. 2.3% 2.4).
mebA] ot aEHERol a2l Fd JeEdd mE @A vE SEE
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oX,
fljo
f
jules

o
fru
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O
—>|~1_A‘
fu
=
1B
o
u
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N

o
D)
2
=
kM
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F(traveler information system, TIS)¥ TS tx2 1145%
WEDYA A (freeway traffic management system, FTMS)e] F+EHFoH = A

g davt dvkar aeE Qv

Table 2.3 Speed statistics at basic freeway segment 2(I—696)

Basic segment Speed(km/h) Shift(%)
Max 103 —-10.4
Lanel Min 24 —22.6
Avg 85 —12.4
Max 118 2.6
Lane2 Min 22 —29.0
Avg 88 -9.3
Max 120 4.3
Segment 2 Lane3 Min 11 —64.5
Avg 100 3.1
Max 133 15.7
Lane4 Min 31 0.0
Avg 122 25.8
Max 115 -
Segment Min 31 -
Avg 97 -
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Table 2.4 Speed statistics at basic freeway segment 4(I—696)

Basic segment Speed(km/h) Shift(%)
Max 102 —-9.7
Lanel Min 21 —97.6
Avg 84 ~12.5
Max 119 5.3
Lane?2 Min 13 —55.2
Avg 86 ~10.4
Max 124 9.7
Segment 4 Lane3 Min 7 759
Avg 100 4.9
Max 136 20.4
Lane4 Min 44 51.7
Avg 122 27.1
Max 113 _
Segment | Min 29 _
Avg 96 —
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Fig. 2.3 Flow distribution at segment 2
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Table 2.5 Density statistics at basic freeway segment 2(I—696)

Basic segment Density(veh/km) Shift(%)
Max 41 —10.9
Lanel Min 10 0.0
Avg 16 —95.9
Max 58 26.1
Lane2 Min 13 30.0
Avg 28 64.7
Max 102 121.7
Segment 2 Lane3 Min 10 0.0
Avg 20 17.6
Max 43 —6.5
Lane4 Min 4 —60.0
Avg 11 —35.3
Max 46 -
Segment | Min 10 -
Avg 17 -

Table 2.6 Density statistics at basic freeway segment 4(I—696)

Basic segment Density(veh/km) Shift(%)
Max 34 6.3
Lanel Min 10 0.0
Avg 15 -11.8
Max 70 118.8
Lane2 Min 13 30.0
Avg 29 70.6
Max 92 187.5
Segment 4 Lane3 Min 11 10.0
Avg 20 17.6
Max 24 —25.0
Lane4 Min 4 —60.0
Avg 10 —41.2
Max 32 -
Segment | Min 10 -
Avg 17 -
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Fig. 2.5 Flow distribution at segment 2
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Table 3.1 Correlation characteristics of Q,..— K,

1!

Segment

Qmax

leax

QQmax

Segment 2

8,010

16

1,710

31

2,970

20

2,130

16

1,950

Segment 4

K,

1!

19

7,830

14

1,470

33

2,910

21

2,160

15

1,830
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Fig. 3.1 Q—K relationship at segment 2(I—696)
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Fig. 3.2 Q—K relationship at segment 4(I—696)
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Table 3.2 Correlation characteristics of Q,..— Uy,

1!

Segment

Qmax

QQIH&X

Segment 2

105

8,010

101

1,710

94

2,970

105

2,130

125

1,950

Segment 4

103

7,830

101

1,470

89

2,910

103

2,160

119

1,830
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Table 3.3 Correlation characteristics of K,,—U,,

Segment

Ky

Kl M

KZAI

K3y,

K4AI

Segment 2

Unr

105

19

Ul M

101

16

U2,

94

31

105

20

U4AI

125

16

Segment 4

Unr

103

19

Ul M

101

14

UQ[\I

89

33

103

21

U4AI

119

15
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Table 4.1 Correlation of Ug— Uy at basic freeway

segments(I—696)

Segment 1 Us, Us, Ug, Uy

U, ABA 0.977 0.961 0.942 0.835
ARy CUB CUB POW EXP

Segment 2 Us Us, Ugs Ug

v, FBA S 0.968 0.954 0.969 0.858
ARy CUB CUB EXP CUB

Segment 3 Ug U, Ug, Uy

U, ABA 0.968 0.949 0.974 0.868
Ay CUB CUB EXP QUA

Segment 4 Us Us, Ugs Ug

U, A BA 0.950 0.961 0.979 0.891
ARy CUB CUB EXP EXP

Segment 5 Usi Us, Ug, Uy

U, ABA S 0.965 0.957 0.984 0.914
ARy CUB CUB CUB EXP

Segment 6 Ug Us, Ug, Uy

U, A BA S 0.978 0.968 0.977 0.934
ARy CUB CUB CUB CUB

Segment 7 Ug Us, Ugs Ug

U, AEAT 0.963 0.975 0.971 0.964
ARy CUB CUB CUB EXP

Segment 8 Us, Us, Ug, Ug

U, A BA S 0.956 0.967 0.970 0.953
ARy CUB CUB CUB EXP

Segment 9 Ug Us, Ugs Ug

U, ABA S 0.948 0.963 0.978 0.923
ARy CUB CUB POW EXP

Segment 10 Us, Us, Ug, Ug
U, A BA S 0.954 0.979 0.979 0.917
ARy CUB CUB POW POW

No. of lanes modeled 2 2 6 0
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Table 4.2 Speed models at freeway segment

Segment Speed models R?> | F-sig.

S1 | Ug=20.7805+0.5347 < Ug, +0.0083 < Ug, —0.00005 < Ug, | 0.956 | 0.000

0.0122 X Ug

S2 Uy = 27.4615 % e 0.970 | 0.000
S3 U, = 30.6002x ¢ U 0.974 | 0.000
S4 Uy, =29.8406 < ¢ "7 U 0.9740.000

S5 | Ug=23.1562+0.4223 X Ug; +0.0065 < Ug, —0.00003 < Us, | 0.969 | 0.000
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Table 4.3 Speed models at freeway segments using Uy,

Segment Speed models R? |F-sig.
CUB| Ug = 41.7502—0.4737 X Ug, 4 0.0248 < Ug, —0.0001 < U2, | 0.933 |0.000
S |EXP Uy =17.5865 ¢ 0 0.8180.000
POW Us = 34.2539 X Ug™ 0.82910.000
Table 4.4 Speed models at freeway segments using Ug,
Segment Speed models R?> |F-sig.
CUB| Uy =30.3193—0.1144 X Ugy 4 0.0155 X Uz, —0.00007 X Us, | 0.940 10.000
S EXP U = 28.4759 x ¢ U 0.943 1 0.000
POW Ug = 7.0319 % U™ 0.91410.000
4.3 23345

53], 7 HdEE AmAtolo] FAAAEA S S
EHEYPAA 0.9267~0.95472 RPo FaEAo] g =A HERTH(FEZRE
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Table 4.5 Verification results of speed model
Segment Correlation coefficient(r)
Segment 6 0.9547
Segment 7 0.9391
Segment 8 0.9291
Segment 9 0.9331
Segment 10 0.9267
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A. Flow distribution
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B. Speed distribution
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C. Density distribution
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