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Project Criteria

* Apply PDEs to a real world system

* Implement PDEs in computer code, to improve
my programming skills

Do something related to my research
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| OVERVIEW |

Project Description

Create an interactive Java applet to visualize how
a PDE model can be integrated with loop detector
data, historical data, and known system
parameters to model traffic.
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| STRUCTURE |

Modeling

Mathematical Known
Model Parameters

Physical Historical
Measurements Data

»  Control




LWR PDE

Consider a control volume of lengix  alor'g
highway and write conservation laws for it:

(vehicles entering at #) - (vehicles entering at z + dt) =

(vehicles entering between ¢ and ¢ + df) - (vehicles exiting between ¢ and ¢ + dr)

which, as has been seen In the course notes,

leads to the LWR PDE:

0 0
D | B

for p(x,t) = density andi(e(x.) =flux,as  and
go to zero.
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LWR PDE, cont.

It has been seen that using the Greenshielc

function forg(p(x,1)) provides good results. The
resulting equation follows:

g(p) = vp(1 - L)
o,

op(x,t) A 2p():,t))8p(x,t) 0o
ot Jo, ox

for o= Jam density angd= free flow velocity.




| STRUCTURE |

Godunov Scheme [

In order to obtain a (weak) solution of the L\X

PDE for bounded domains, we examine the f
convergence of the Godunov Scheme to the
entropy solution of the PDE. Here, IS compluted

from as follows:

foi 1s an element k£ of (o, p’,,) such that sg(p., — o' )q, 1s minimal
1+5
Pt = pl=r(glp )—q(p" )

i i
2 2

<

where the subscripts correspond to spatial

coordinates, superscriptg.io) Hme xSkes;:, »)] Sg
,and Is the sign function




Godunov Scheme, cont. ]

The weak boundary conditions (necessary

because of the problems with strong boundary
conditions in this PDE) are formulated

as follows:

L(a,t),p,(t))=0 and R(p(b,1), p,(t))=0
where

L(x,y) = Sup (sg(x —y)g(x)—g(k)) and
kel(x,y)

and
R(x,y)= 1nf (sg(x —y)g(x)—q(k)) forx,y eR

kel(x,y)




Godunov Scheme, cont. !

The Godunov Scheme can be practically imj
mented in this application as follows:

n+1

o =p =rqs(p,p) 950, o)

Flux Is often concave In traffic monitoring, and we
call the density at which it reaches itsemaximum

[ min(p,p,) ifp <p,
q(p,) if p, <p, <p.
q(p.) if p, <p. <p

| 4(p,) ifp, <p,<p

de =




Godunov Scheme, cont. !

“Ghost cells” are inserted at the beginning a

end of the domain (=90 ang=pjps ) to handle the
boundary conditions:

oy = —1(qs (05 ) — 46 (P 95))

n+1

IO A (0 (21 o) — 96 (P15 Pir )
with:

1 1
pl=—|p,(0)dt, 0<n<N Py =—| p)dt, 0<n<N
thn thn

This allows us to obtain highway densities

numerically. ;




| STRUCTURE |

Alternative Numerical Metho w

Cell Transmission Model: Discretely

approximates the LWR model by finding flows on
links based on flow & storage capacities of that link
and adjacent links under discrete lengths and time

steps.

Needs historical turn-proportions.
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IAGTIVATION™"OVERVIEW | STRUCTURE |

CTM, cont. 2]
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Known System Parameters £

Need boundary conditions and physical
characteristics of system for PDEs to work:
- Signal timing
 Lane configuration
* Expected turning proportions (for CTM)

Physical Measurements

 Loop detector data — detect changes in\";

system and inform the PDEs (boundary
conditions) ”




Historical Data

Traffic counts — assume that vehicles enteriNga."

the system form a Poisson process at the historical

flow rate, Expected proportion of vehicles turning
(for CTM).

Historical data, physical measurements, and
known parameters can be combined aid the
numerical approximation given by the Godunov
scheme for the LWR PDE to give it more meaning.
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Application
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Java application by Kelly Liu
http://www.phy.ntnu.edu.tw/oldjava/Others/trafficSimulation/applet.ntml




FMOTIVATION | OVERVIE | IMPLEMENTATION |

Inspiration: Signal on Loop

4:Uphill Grade X 6:Lane Changes

Start 1: Ring Road 3:Laneclosing

Stop 2:0n-Ramp

80

Java application by Martin Treiber
http://www.traffic-simulation.de/

15




Elapsed Time:
Exit Rate:
Cars On The Road:

Java appli y
http://www.its.berkeley.edu/volvocenter/gridiock/

Red Blue Magenta Green

Pause Reset

|
Lt

Sim Speed:
0 20 40 60 80 100

Interval: L.
100 300 500 70O 900

Trip Length:
a0 [i]1] (il Fill fa




‘MOTIVATION FOVERVIEW | STRUCTUF | REMAINING TASKS

Remaining Tasks:

Finalize a meaningful combination of the data with
the numerical model

*Further explore the possibility of including CTM
*ODbtain loop detector data
*Finishing implementing this in Javas
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