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Fig.1 Measurement data of flow-density
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Fig.2 Multi-lane model of flow-density
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Fig.3 Measuring site of Yanan expressway of Shanghai
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Table 1 Measuring averaged velocity of vehicles in different lanes

Number of  Averaged Number of Averaged Number of  Averaged
Lane samples in velocity / samples in low velocity / samples in velocity/
peak hour (m-s71) traffic hour (m-s™1) snow day (m-s71)
1 2475 9.91 1794 14.28 3404 11.03
2 2060 9.28 1175 13.64 3010 10.30
3 2101 7.66 2054 12.73 3498 9.72
4 1202 7.16 1025 12.24 2229 9.56
sum 7838 8.72 6048 13.28 12141 10.20
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Table 2 Measuring averaged velocity of vehicles in different headway ranges

(a) Peak hour

(b) Low traffic hour

M4 OPHERE- BT ScR R
Fig.4 Averaged velocity-density relationship

(c) Snow day

Normalized Number of Averaged Number of Averaged Number of  Averaged
Headway /m density samples in peak velocity / samples in low velocity / samples in velocity/
hour (m-s71) traffic hour (m-s~1) snow day (m-s™1)
> 56.00 < 0.125 17 12.62 87 13.94 32 9.29
40.00 ~ 56.00 0.125 ~ 0.175 92 13.40 310 14.35 258 10.98
31.11 ~ 40.00 0.175 ~ 0.225 271 11.91 619 13.98 978 10.99
25.45 ~ 31.11 0.225 ~ 0.275 512 11.28 792 13.93 1459 10.64
21.54 ~ 25.45 0.275 ~ 0.325 674 10.42 942 13.58 1866 10.55
18.67 ~ 21.54 0.325 ~ 0.375 886 9.96 813 13.27 1922 10.21
16.47 ~ 18.67 0.375 ~ 0.425 913 9.40 768 13.31 1678 10.01
14.74 ~ 16.47 0.425 ~ 0.475 937 8.82 607 12.67 1369 9.97
13.33 ~ 14.74 0.475 ~ 0.525 867 8.33 429 12.53 1031 9.81
12.17 ~ 13.33 0.525 ~ 0.575 738 7.77 322 12.40 636 9.56
11.20 ~ 12.17 0.575 ~ 0.625 633 7.28 152 11.92 376 9.68
10.37 ~ 11.20 0.625 ~ 0.675 429 6.82 99 11.97 216 9.60
9.66 ~ 10.37 0.675 ~ 0.725 332 6.30 50 10.85 131 9.19
9.03 ~ 9.66 0.725 ~ 0.775 185 5.90 23 11.39 80 9.08
848 ~9.03 0.775 ~ 0.825 148 4.94 15 11.38 49 8.26
8.00 ~ 8.48 0.825 ~ 0.875 78 4.43 8 9.44 26 8.07
7.57 ~ 8.00 0.875~ 0.925 72 3.79 5 8.22 13 8.73
< 7.57 > 0.925 54 3.22 7 7.19 21 7.55
sum 7838 8.72 6048 13.28 12141 10.20
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Table 3 Comparison of calculation errors of different velocity-density models

Velocity-density model Eq.(1) Eq.(2) Eq.(3) Eq.(6) Eq.(7) Eq.(8) Eq.(11) Eq.(12)
ey in peak hour —0.24 0.51 0.26 —0.29 >1 —0.11 —0.18 —0.06
e2 in peak hour 0.42 0.66 0.43 0.36 >1 0.49 0.40 0.38

e1 in low traffic hour —-0.11 0.56 0.49 —-0.13 >1 —0.05 —0.05 0.07

ez in low traffic hour 0.24 0.62 0.55 0.28 >1 0.28 0.23 0.25
e1 in snow day —0.28 0.29 0.22 —0.30 >1 —0.23 —0.23 —0.13
e in snow day 0.38 0.47 0.40 0.37 >1 0.40 0.35 0.32
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Table 4 Up boundary and down boundary of traffic behavior parameter and their difference

Low traflic

Snow day

Headway/m  Peak hour mu md mu-md md mu-md md mu-md
hour mu mu
> 56.00 2.25 1.29 0.96 2.16 1.43 0.73 1.84 1.13 0.71
31.11 ~ 56.00 2.34 1.45 0.88 2.47 1.65 0.82 2.16 1.36 0.80
21.54 ~ 31.11 2.55 1.46 1.09 2.74 1.83 0.90 2.32 1.47 0.85
16.47 ~ 21.54 2.62 1.49 1.14 2.90 2.00 0.89 2.56 1.57  0.99
13.33 ~ 16.47 2.73 1.54 1.19 2.93 2.12 0.82 2.78 1.78 1.01
11.20 ~ 13.33 2.81 1.58 1.23 2.96 1.96 1.00 2.90 1.93 0.97
9.66 ~ 11.20 2.83 1.60 1.23 2.92 1.37 1.55 2.94 1.94 1.00
8.48 ~ 9.66 2.84 1.41 1.43 2.93 1.12 1.82
7.57 ~ 8.48 2.79 1.49 1.30
< 7.57 2.95 1.28 1.67
3.0 3.0 3.0
2.8 2.8 2.81
2.6 . 2.6 — mu 2.6}
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(b) Low traffic hour
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Fig.5 Range of traffic behavior parameter
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MEASURED DATA ANALYSIS OF URBAN EXPRESSWAY AND
RESEARCH ON TRAFFIC FLOW MODELS Y

Wu Zheng? Guo Mingmin Zheng Xianqging Lin Zhanxi Wu Shengchun Zhao Yunjie Zhang Yingying
(Department of Mechanics and Engineering Science, Fudan University, Shanghai 200433, China)

Abstract Traffic flow models are important to describe various complex traffic procedures on highway or road
network and to establish intelligence traffic systems (ITS). Lots of improvement has been made in traditional
traffic flow models, and many new traffic flow theories have been developed.

Generally the formation of a traffic flow model requires massive observation as well as in-depth analysis of
real road traffic. Empirical data are indispensable to identifying parameters when the corresponding model is
utilized. One of the basic demands of collecting such data is repeatability, that is, a large amount of measuring
must be conducted under nearly identical circumstances to provide the data and model parameters.

It is drawn in this paper that over 26000 “car velocity-headway distance” data pairs are obtained from the
long time video recordings of a section in Yanan Expressway of Shanghai with three traffic circumstances: peak
hour; low traffic hour; snow day. This way to collect traffic data is different from some traditional methods in
which sensors are fixed along the road or buried underground to measure the “car velocity-traffic flow” data
pairs. The obtained “velocity-headway distance” data pairs have better synchronized characteristics and are
easy to transform into “velocity-density” or “flow-density” data pairs for further research.

After comparison study of manifold well-known traffic flow velocity-density models based on above measur-
ing data, the superiorities of one-dimensional pipe-flow model are found in calculating the traffic flow parameters
of expressway in our country.

Since the key parameter in 1-D pipe-flow model, named traffic behavior parameter m, can be adjusted,
a basic method is proposed to draw the non-linear characteristics of traffic flow by 1-D pipe-flow model with

changing parameters.

Key words traffic flow model, measuring data, 1-D pipe-flow model, traffic behavior parameter, non-linear
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