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Unproven efficacy

1. Reduce severity of crashes but not
total number

2. Lack of human judgement

3. Legal issues?




Motivation E

Positives?

1. Indiscriminately issues fines

However...

... their placement is not devoid of bias.

OAKBROOK TERRACE MAYOR RESIGNS AMID RED-LIGHT CAMERA
PROBE
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Share of tickets to Black and White drivers by respective share on roadway
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How do we quantify the impact of
red light cameras?

Time to avoid cameras

Find shortest path between two points,
with and without avoiding the cameras,
and measure difference in travel time.

Number of cameras encountered

Find shortest path and count number of
cameras we come across.
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Linear Programming/Optimization

Optimizing a linear function under
linear constraints.

Find a vector X

that maximizes c¢'x

subject to Ax < b
and x > 0.
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Linear Programming Example |..
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subject to z; + 222 <3 .
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1,29 > 0 i
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Network theory

Define a network as a set of nodes

connected by edges. These edges

can be bi-directional (undirected) or
unidirectional (directed).

We can define an incidence matrix,
letting us know which edges and
nodes are related.
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Combining the two

We can model the city of Chicago as a
network of roads (edges) and
intersections (nodes).

We can use linear programming to find
the shortest path. We want to
minimize the travel time while making
sure we take a valid path.
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fi = 1(0) if we do(don’t) travel on road j
w; = cost (time) to travel along road j

Flow balance principle says that:
e the starting node has one out-flowing edge
e the final node has one in-flowing edge
e every other node is either unvisited or has
both an out-flowing and in-flowing edge

For every node 1

(—1if i is the starting node
Y " Aij- fi =< 1if i is the final node

JjeE |0 otherwise
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Final model
min Z IR
jek
subject to
(—1 if 7 is the starting node

Z A;;-f; =< 1 if iis the final node

jEE | 0 otherwise

- 1 if we travel along road j
d 0 otherwise
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Avoiding certain edges

We can tell the model to
avoid certain edges, in our
case those connected to
nodes that contain
red-light cameras.
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Chicago’s street network

We use OpenStreetMap NetworkX
(OSMNX), a Python library.

Contains:
- All roads and intersections
- Types of roads
- Time needed to travel
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Commuting patterns

We used the Chicago Metropolitan
Agency for Planning (CMAP)
MyDailyTravel dataset, which contains
>10,000 data points.
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ATLE and income levels

The longer your commute, the

more cameras you will

encounter.

# cameras = 0.001763 - Commute time
With p<2e-16,

Commute time = 691.9 — 0.001095 - Income
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ATLE and income levels

Bringing those relationships together, we get

Cost as proportion of income
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Proportionally, a household with
$30k annual income is impacted

9.3 s

harder by ATLE than one making
$200k.



