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This is the number of freeway miles we travel

Many Southern California counties have similar total freeway miles regardless of land area

(Select Counties in California, 2012-2020)
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Los Angeles: 35.1 billion miles ~®

5an Diego: 14.6 billion miles \
30 Orange: 13.2 billion miles
Riverside: 10.5 billion miles

5an Bernardino: 10.9 billion miles

Santa Clara: 6.7 billion miles
%an Francisco: 1.2 billion miles
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Data Source: California Department of Transportation Performance Measurement System (PeM5), 2021



Statistics for San Diego County

(San Diego County, 2012-2019)
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Data Source: California Department of Transportation Performance Measurement System (PeMS)

2019

Weekday 6-10am Peak Hour: 2.4 billion miles
Weekday 3-7pm Peak Hour: 2.6 billion miles
Weekday + Holidays: 4.1 billion miles
Weekday Off-Peak: 5.4 billion miles




This is how much Green House Gas we produce

Figure 7. California Average Light Duty Vehicle CO, Emission Factors by Speed, 2018
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Excess CO2 is about 100 grams/ mile at lower speed

Or 150 shiploads of CO2



Health Hazards and inequity

Being in heavy traffic or living near a road with heavy traffic may be risky compared with being in other places
in a community. Growing evidence shows that many different pollutants along busy highways may be higher
than in the community as a whole, increasing the risk of harm to people who live or work near or use busy

roads.

The number of people living "next to a busy road" may include 30 to 45 percent of the urban population in
North America. The area most affected, they concluded, was roughly the band within 0.2 to 0.3 miles (300 to
500 meters) of the highway.
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How can Caltrans reduce
the impact of the extra
Traffic Generated CO2
on Global Warming and
to Public Health while
simultaneously improve
the traffic ?

-O'- By implementing a Goal Oriented Ramp Metering algorithm



WAHEISE
The current method of ramp metering?

The Current method of ramp metering when not in fixed rate mode (due to construction or
detection malfunction), is traffic responsive meaning that the discharge from the

ramp is a proportional response to measured state or the system. The discharge
cycles are tabulated between the maximum and minimum allowable cycles lengths with a
to achieve the 15 discharge cycles used by the controller.
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The result of the current method of ramp metering
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What is
Model Predictive Control ?

Model predictive control (MPC) is a control scheme where a model is used for predicting
the future behavior of the system over finite time window.

_..-——'#—.
Based on these predictions and the current measured state of the system, the optimal
control inputs with respect to a defined is computed.

Since the traffic model is non-linear, the model equation needs to be solved numerically to
achieve the

A common mathematical method of solving a nonlinear equation is particle filtering , _

wherein a group of test numbers (discharge rates) are tried in the model and the output of
the model is measured against the /= . The difference is then minimized te
improve on the selection of another set of discharge rates that results in an output for the
model as close as possible to the




The Analytic Non Linear Model

The density evolution model will follow the transformation of
upstream values to downstream via a simple equation
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Where V.., 5. 1s given by
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. 5280 N1,,:(t)
= min {V,,,,-(t), =

TC(RQups(t) + Gramp(t))

where 1 1s the minimum headway at 1.75 sec and L 1s a ty

a typical
car length at 14.75 ft ,5280 is the number of feet in one mile
and c is conversion from ft/sec to MPH.
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The Disadvantage of an analytic model

The analytic model relies on curve fitting method to predict the future q exit (T)
rate at the down stream ramp
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However, the Al model learns the intricacies of all the
inputted data including the exit ramp data as a whole
and outputs the correct rate spontaneously



The envisioned Al operated Ramp metering
system




Expected Performance of State Route -5
in San Diego under Al ramp Metering
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e https://news.berkeley.edu/2022/08/04/a-simple-cheap-
material-for-carbon-capture-perhaps-from-tailpipes

e PeMS study by University of San Diego

*  https://www.academia.edu/72016979/Corridor_Ramp_Mete
ring_Using_Particle_Filter_Model_predictive_Control_PF_MPC_V



https://www.aerominetechnologies.com/
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https://www.sandiego.edu/soles/centers-and-institutes/nonprofit-institute/signature-programs/dashboard/miles-traveled.php
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