INVESTIGATION OF LWR MODEL WITH FLUX
FUNCTION DRIVEN BY RANDOM FREE FLOW SPEED

Jia Lit, Qian-Yong Chen?, Haizhong Wang3, Daiheng Ni4

Department of Civil and Environmental Engineering+3:4

Department of Mathematics and Statistics?

University of Massachusetts Amherst

TRB (TFT) Summer Meeting and Symposium on Fundamental Diagram: 75 years, July, 2008, Woods hole, MA — p. 1/1



OUTLINE

¢ Motivation of the study

- interesting empirical observations

¢ Formulation of a new LWR model

- incorporating the randomness

¢ Jllustrative example of application

- evaluation of predictability of traffic evolution

¢ Concluding remarks
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MOTIVATION
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MOTIVATION

¢ Two types of randomness
- statistical: ubiquitous and controllable

- inherent: unique, reflecting the system dynamics

¢ Reflection of the LWR model

- to account for the observed randomness

- new insight into the operations of transportation system
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FORMULATION: RETROSPECT

¢ (Conservation law:
/ k(o )de+ | Fle(z,t))dt = 0
Q. Qy

f(k(z,1)) = k(z, t)v(k(z, 1))
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FORMULATION: k-v CURVE

® Curve 7 : (k,v), parameterized by 0 < k < k;

where «, > 0, interpolates (0,vs) and (k;,0)
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FORMULATION: INTERPOLATION

® Brownian bridge
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FORMULATION: RANDOM Uy

¢ Define v4 a random process
vr(k,w): (RT, Q) — RT
In particular, assume
vi(k,w) hJ vy + (sk+1)e

The flux function driven by vy

f(k) 9 k(ﬂf + (sk+r)e)(1 — (kﬁ)ﬁ)l/a

J
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FORMULATION: MOMENTS

® Moment properties
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FORMULATION: DECOMPOSITION

® Smoothness

® Boundedness

sup |f'(k)| < 5kjles| + 3ler| + 3¢
0<k<k,

¢ Decomposition

f(k) = fT(k)+ f (k)
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EXAMPLE: RANDOM FLUX FUNCTION
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ENO-FD SCHEME

EXAMPLE

FD (finite difference)
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EXAMPLE: SKETCH OF ALGORITHM

¢ Sketch of algorithm

1. Generate €, and obtain corresponding random flux function;
2. Solve the LWR model using the ENO-FD:;
3. Go back to 1.
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EXAMPLE: RESULT
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EXAMPLE: IMPLICATION

¢ Quantities of interest

K

0<z;<10

¢ Coeflicient of variation (CoV = o /)

max |k(x;) — 50|, v, = argmax,_|k(z;) — 50

Mean of k, | Std of k., | Mean of z, | Std of x.,
condition a | 16.09 0.50 5.99 0.75
condition b | 26.46 1.92 8.63 0.63

COVa,k* > CO%,k* ) COVa,x* > CO‘/b,x*
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CONCLUDING REMARKS

® Summary
- Faithfulness, well-posedness and ease of solution
- Randomness in the scope

¢ Gaps
- Estimation

- Temporal and spatial inhomogeneity
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