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INTRODUCTION: A PREVENTABLE SAFETY CRISIS

Motor vehicle crashes kill close to 40,000 people in the United States each year and injure
millions more, imposing comprehensive losses of roughly $4,000 per American. Every year.
Detailed crash investigations by the U.S. National Highway Transportation Safety Administration
(NHTSA) attribute the “critical reason” for over 90 percent of serious crashes to human error,
rather than vehicle defects, roadway design, or weather. This underscores the fact that
dangerous behaviors deliver these losses. Speeding alone contributes to nearly a third of U.S.
traffic deaths, and pedestrian fatality risk rises steeply with impact speed: at 30 mph, a struck
pedestrian is more than five times as likely to die as at 18 mph.[2l[216l[71(E]

Compared with its high-income peers, the U.S. has a substantially higher road-death rate per
100,000 people - and per mile traveled. Travel is particularly dangerous for those driving long
distances on higher-speed rural roads, and those walking at night on urban arterials. Studies of
nighttime crashes consistently show most pedestrian deaths occurring in low-light conditions,
when drivers are more likely to speed and less likely to see people on foot. The core problem is
not a lack of laws: speed limits, reckless driving statutes, and crosswalk rules are already on the
books. The core problem is a vast enforcement gap, in which a small number of police officers

cannot credibly deter habitual speeding and reckless behavior across the nation’s extensive
network 221141

Many peer nations have narrowed this gap by deploying dense networks of automated cameras
that keep average speeds close to posted limits, particularly on urban arterials and through
school zones. In the U.S., state laws, public sentiment, and/or cost barriers mean that almost no
roadways and intersections have automated enforcement cameras and radar devices. And police
stops are both few and highly variable in outcomes. Fortunately, there is a practical middle path:
systematically using citizen-supplied video (from smartphones, dashcams, and home cameras)
plus vision—language models (VLMs) to extend the reach of enforcement, particularly in high-risk
times of day and days of year, where others are present to witness the recklessness.2121[2]

WHY U.S. ROADS REMAIN MORE DANGEROUS THAN PEERS

Recent work using probe-vehicle trajectory data gives an unusually granular picture of how
much, and where, Americans speed. A Texas study processed 39 million vehicle speeds in one
week of November 2024 across more than a million roadway points, linking them to posted
speed limits, time of day and day of week, roadway design details and land-use characteristics. 4l
On 30- and 40-mph roadways (often residential or commercial arterials with significant
pedestrian activity) about 43 percent of drivers exceeded the limit, with roughly one-third going
at least 10 mph over and many driving 60+ mph on 30-mph streets. Across the network, nearly
half the motorists were exceeding PSLs between 3 a.m. and 5 a.m. (when almost all police are off



duty), and about 20 percent exceeded it by more than 15 mph, with weekend late-night hours
showing the worst behaviors .14l

These probe data confirm what residents experience: widespread speeding is not confined to
freeways, but is endemic on “everyday” city streets, where people walk, bike, and cross
pavements to reach schools and shops, offices and appointments. Yet actual enforcement is
incredibly rare. For example, fewer than one speeding ticket is given per million vehicle-miles
traveled in Texas’ capital city. The odds of being caught for speeding are near zero almost
everywhere in the U.S. these days. At the same time, statistical work stretching back decades
shows that lack of enforcement and higher operating speeds reliably produce more and more
severe crashes. For example, raising rural freeway limits from 55 to 65 mph increased fatalities
by roughly 28 percent on affected roads in one U.S. analysis.2l

Peer nations that have embraced automated enforcement paint a different picture. Countries
like the U.K., the Netherlands, and parts of Australia use fixed and point-to-point speed cameras
extensively, delivering sizable reductions in average speeds, in the share of drivers exceeding
limits by 10+ mph, and in fatal or serious-injury crashes. Norway’s point-to-point systems, cut
average speeds by 5 to 9 mph and slashed the proportion of extreme speeders, while Belgium’s
motorway cameras reduced speeding violations by 70+ percent. The lesson is clear: when drivers
believe that speeding will reliably trigger consequences, their behavior changes, and crash risks
fall 121314l Active modes, like walking and biking (and walking or biking to transit stops), also
become more attractive when reckless driving falls. Europeans walk about twice the distance per
day that Americans do, and are roughly 5 to 10 times safer per mile-walked than Americans.
(Vellimana and Kockelman, 2023)

AUTOMATED ENFORCEMENT WORKS

The best U.S. evidence on automated speed enforcement comes from two cities that were
granted explicit authority: New York City (NYC) and Washington, D.C. New York’s school-zone
speed-camera program began in 2014 and has since expanded to cover 750 school zones with
more than 2,000 cameras, initially operating on weekdays from 6 a.m. to 10 p.m. and now
permitted in 24/7 use. I3l As of December 2021, average speeding at fixed camera locations had
fallen 73 percent, with some major corridors (like the Grand Concourse and Queens Boulevard)
seeing 80 to 90 percent declines in daily violations once cameras were installed.2l

Safety benefits have been substantial for those in NYC. Comparing 2018 to 2020, corridors that
gained cameras in 2019 saw larger drops in injury crashes than similar streets without cameras,
even after accounting for Pandemic-related traffic changes. Across school-zone facilities with
cameras, motor-vehicle occupant injuries fell more than on comparable roads, and fatal or
severe injuries declined despite the definitional change in “serious injury” that complicates
before—after comparisons. Crucially, the program has also shown that most drivers respond
quickly to a single low-level penalty: more than half of vehicles that received a camera notice of
liability between 2014 and 2021 never received a second, and only a small fraction became
chronic violators.5l

Washington, D.C., which has one of the nation’s most extensive automated enforcement
networks, shows similar patterns. Peer-reviewed work and agency evaluations report meaningful



reductions in average speeds and a lower likelihood that crashes on camera-eligible roads involve
fatal or incapacitating injuries. When D.C. added corridor-based camera enforcement—in effect,
a series of cameras that measure average speed over distance rather than only at a point—the
risk of a fatal or incapacitating-injury crash fell an additional 30 percent beyond the effect of
individual cameras. These cameras also mitigate the “kangaroo effect,” where drivers brake
sharply at a single camera and then immediately accelerate.[2013]

Despite these successes, automated enforcement remains thin in most of the U.S. Fewer than 20
US states allow speed cameras, and deployments are typically limited to a few corridors in a
couple large cities. Cost is a major barrier for all applications to date, with NYC’s budget office
estimating each camera site’s cost at $120,000 for hardware and installation, plus another
$30,000 per year (per site) for operation and maintenance. For agencies facing tight capital

budgets and political pushback, blanketing an entire metropolitan network with such devices is
unrealistic.[21151(2]

THE UNTAPPED POWER OF CONSUMER CAMERAS

Hundreds of millions of high-quality cameras already line American streets and ride in American
cars: Over 300 million smartphones can record high-definition video from almost any curb.
Inexpensive dashboard cameras log most or all driving each week in more than 10 percent of U.S.
vehicles. And roughly half of American homes have doorbell and/or home security cameras
continuously monitor outside spaces, with some capturing street spaces. Many of the worst
behaviors residents complain about (like late-night drag racing, extreme speeding on wide
arterials, red-light running, tailgating, failure to yield at crosswalks, and loud exhaust “shows”)
are already captured incidentally by these devices.[2l

Several programs worldwide have begun to harness this resource. For example, NYC’s
Department of Environmental Protection operates an anti-idling program in which citizens
submit 3-minute videos of diesel trucks (or buses) idling illegally. If a fine is collected, the
complainant receives 25 percent of the penalty (almost $90 for the standard $350 fine). Some
participants have filed hundreds of complaints and earned substantial income while dramatically
increasing compliance with long-ignored idling rules, helping protect nearby lungs from fine
particulate matter and carcinogens.[121(2]

South Korea’s Safety e-Report platform allows any resident to submit photos or videos of traffic
and parking violations via an app or website, with fines to violators ranging from roughly 25,000
to 100,000 won depending on severity. Users receive confirmation when a ticket is issued,
reinforcing the sense that their reports matter and encouraging continued participation.
Research on a related deep-learning system for processing citizen-submitted violation videos
finds that such tools can scale efficiently and reduce the burden on human reviewers 131

In India, Hyderabad police maintain a WhatsApp number for citizens to report violations by

sending photos or short video clips along with time and location details. Over several years, this
channel has generated a large volume of complaints, particularly for wrong-way driving, helmet
non-use, and signal violations; a significant fraction lead directly to challans (tickets), and citizen
reports now account for a meaningful share of total enforcement revenue. While some reports



are unverifiable or incomplete, the program demonstrates that even a simple messaging
platform can transform passive frustration into actionable evidence.24l

Noise cameras are another important precedent. London, Paris, Taipei, Edmonton, and New York
have deployed roadside sound meters linked to cameras that photograph license plates when
vehicle noise exceeds legal thresholds (typically set at 80 to 85 decibels). New York’s pilot, for
example, mounts microphones roughly 15 feet above the roadway and records only plate
images, not drivers, with fines starting at about $220 for a first offense and rising to more than
$2,600 for repeat offenders. In 2023, the city made the program permanent after early
deployments issued thousands of citations and generated more than a million dollars in fines,
while winning broad neighborhood support in noisy corridors. 2312611

These initiatives share common features: They target behaviors that are easy for laypeople to
recognize (idling, obvious violations, loud exhausts), use simple submission channels, and
compensate or at least acknowledge reporters. They also demonstrate that citizen cameras can
supplement, rather than replace, official enforcement: agencies still set rules, review evidence,
and ensure due process, but benefit from eyes and lenses everywhere 11121131

FROM PIXELS TO CITATIONS, USING COMPUTER VISION

Until recently, the technical barrier to using ad-hoc citizen video for enforcement was high.
Traditional automatic license plate recognition (ALPR) pipelines assumed fixed cameras, known
geometry, and tightly controlled lighting. They struggled with blurry, off-angle plates from
moving phones. But recent work shows that Computer Vision and vision—language models now
perform surprisingly well on exactly the kind of “in-the-wild” footage produced by smartphones
and dashcams.[1121

An early smartphone-based enforcement prototype developed an end-to-end pipeline to
estimate vehicle speed and identify license plate, make, model, and color from hand-held videos.
Students used YOLOVS to detect vehicles, DeepSort and StrongSort to track them, and
vanishing-point—based camera calibration to convert 2D pixel movement into real-world
distances, assuming a typical passenger-vehicle length. License plates were detected with
YOLOv7, enhanced with a super-resolution network (Real-ESRGAN), and read using EasyOCR,
while make/model classification relied on a ResNet-50 model fine-tuned on the 100 most
common U.S. passenger vehicles.[2l

On a benchmark of 1,800 Brazilian plate images, the pipeline detected about 79 percent of plates
and correctly recognized roughly 47 percent of plate texts after fine-tuning the OCR model. In
115 real-world videos, this low-cost tool correctly identified vehicle color about 61 percent of the
time, manufacturer about 49 percent of the time, and exact vehicle make + model about 17
percent of the time. License plate recognition was correct among the top 10 candidates in about
30 percent of cases, and speed estimates were within 20 percent of true values about 16 percent
of the time. Those accuracy levels are insufficient for issuing automated tickets on their own, but
they showed that standard smartphones and open-source models could extract usable
information from unscripted roadside video.[2l



A newer approach leverages large vision—language models (VLMs) to collapse this multi-stage
pipeline into a single network. In recent experiments, researchers combined YOLOv8 detection
with CLIP-based image-quality scoring—selecting only the sharpest, most informative frames—
then fed composite images and tailored text prompts into VLMs such as GPT-40 and open-source
Llama-3.2-Vision. On the same UFPR-ALPR dataset and an internal smartphone video benchmark,
this method achieved roughly 92 percent plate-level top-1 accuracy and about 71 percent top-1
accuracy for vehicle make—model, dramatically improving on the earlier pipeline’s 30 and 17
percent figures.l

Crucially, an 11-billion-parameter open-source model (Llama-3.2-Vision) matched GPT-40’s
performance with zero per-call APl cost, making it feasible to run the entire analysis on local
servers or even high-end edge devices without sending video to external clouds. The researchers
further improved robustness by adding a “self-reflection” module: after the VLM made an initial
guess, the system retrieved a reference image of the predicted vehicle model, evaluated visual
similarity, and, if needed, asked the VLM to reconsider—yielding an additional 4-6
percentage-point gain in accuracy across datasets.

In practical terms, these advances mean that agencies no longer need bespoke, proprietary ALPR
boxes to interpret citizen video. A modest GPU server can batch-process clips: detect vehicles,
score frame quality, extract likely plate strings and vehicle descriptors, cross-check them against
registration databases, and flag cases that meet clear thresholds for further human review.
Because open-source VLMs can be run entirely within an agency’s own infrastructure, this
approach also reduces privacy and security concerns compared with third-party cloud APIs.[21i2]

WHERE AND WHEN CITIZEN REPORTING WOULD HELP MOST

Returning to the Texas probe-data study, the patterns it uncovers provide a natural blueprint for
where citizen-camera enforcement would add the most value. Speeding is not uniform; it peaks
at specific times and on specific facilities.l2!

First, late-night and early-morning hours are especially problematic. Between 3 a.m. and 5 a.m.,
nearly half of all observed vehicles statewide exceeded the posted limit, and about one-fifth
drove at least 15 mph over, with weekend nights even worse. These hours also correspond to
elevated risks of serious crashes, as Texas crash data show that fatalities and severe injuries
cluster on weekend nights and early weekend mornings. Police patrols are expensive to sustain
at those times, and fixed cameras are rare outside a handful of big cities; yet late-night residents
are precisely the people most likely to hear or see recurring street racing and extreme
speeding.l4l

Second, lower-speed urban roads see disproportionate speeding. On 30- and 40-mph streets,
about 43 percent of drivers exceeded the limit, with a large share exceeding by 10 mph or more,
despite these facilities running through residential and commercial areas with higher pedestrian
and bicyclist activity. Installing physical traffic-calming measures (speed humps, chicanes, curb
extensions) on every such segment would be prohibitively expensive and politically contentious,
particularly because high-speed segments are dispersed rather than forming a few obvious
corridors. But neighborhood residents with doorbell cameras or window vantage points are



well-positioned to document chronic stop-sign running, repeated crosswalk violations, and
recurring “hot spots” that merit targeted countermeasures.l4l

Third, access-controlled and partially access-controlled roads—freeways, expressways, and
major arterials—show especially high shares of excessive speeding, with fully controlled facilities
exhibiting 5-10 percentage points higher speeding rates than similar roads without access
control. At the same time, extreme speeding (more than 30 mph over the limit) is more
concentrated in rural areas and on connectors between cities. Here, dashcam footage from other
drivers may be one of the few ways to document dangerous behavior such as a car weaving
through traffic at 110 mph or passing on shoulders.2l

The Texas study concludes by categorizing non-infrastructure countermeasures—automated
enforcement, targeted patrols, neighborhood speed-watch programs, public campaigns, and
in-vehicle technologies such as intelligent speed assistance—and mapping them to the observed
pattern of speeding. Citizen cameras fit naturally into this toolbox:4!

e On urban arterials with recurrent late-night racing, structured citizen reporting can generate
evidence for time-limited automated enforcement (e.g., weekend nighttime camera
operations) or coordinated police blitzes.[2l4]

e On rural high-speed connectors with extreme speeding, dashcam submissions can support
focused patrols and, where legal, mobile camera deployments.

e In neighborhoods with chronic stop-sign or crosswalk violations, doorbell and home cameras
can document patterns that justify adding speed humps, all-way stops, or school-zone
cameras, even if each individual clip does not trigger a citation.3l4]

Automated analysis can also help agencies triage. For example, an Al system could scan incoming
videos, identify clips with vehicles traveling more than, say, 20 mph over the limit or blatantly
failing to yield at a crosswalk, and flag those for expedited human review, while using
lower-severity reports to inform planning and outreach. In this sense, citizen-recorded video
becomes both an enforcement source and a rich behavioral data stream akin to probe-vehicle
data—but grounded in actionable, case-specific evidence.[2l[2]

LEGAL, ETHICAL, AND EQUITY ISSUES—AND PRACTICAL MITIGATIONS

Any move toward citizen-camera enforcement must address legitimate concerns about privacy,
due process, equity, and the risk of perceived—or real—uvigilantism. Surveys of U.S.
law-enforcement staff and the public conducted alongside the smartphone enforcement
research highlight several recurring themes.l2

First, many respondents worry that automated and citizen-assisted enforcement will be
perceived as revenue-driven “cash grabs” rather than safety initiatives, especially in jurisdictions
with a history of abusive ticketing practices. Others raise privacy fears: that plate data could be
misused for commercial purposes, that citizens might “stalk” neighbors with phones in hand, or
that a flood of low-quality or malicious submissions—including Al-generated deepfakes—could
overwhelm systems and erode trust. There are also equity concerns: cameras and complaints



may concentrate in some neighborhoods more than others, potentially amplifying disparities in
fines and enforcement.[21[2]

International practice and existing U.S. camera programs suggest clear mitigation strategies. On
the legal side, jurisdictions like New York strictly limit the allowable uses of speed-camera
footage to speed enforcement within a quarter-mile of schools and prohibit capturing driver
faces; camera violations are civil, not criminal, carry a flat $50 fine regardless of speed, and
cannot be used to add points to a driver’s record. Noise cameras in New York are positioned and
configured so that only license plates are visible, with penalties tied to specific decibel thresholds
and an appeals process. These design choices make the systems more defensible as safety tools
rather than open-ended surveillance 16151

For citizen-supplied camera programs, a prudent design would include:

e Authenticated portals rather than open email: Reporters would submit videos through a
web or app portal using verified accounts, reducing anonymous harassment and enabling
agencies to track patterns of misuse.[3121

e Clear metadata requirements: Submissions would need to include time, location, and a
brief description, ideally captured automatically from device GPS and timestamps, which
improve evidentiary value while enabling automated cross-checks.2l

e Automated pre-screening: Al models would assess whether a clip contains a vehicle, a
recognizable plate region, and an apparent violation above a configurable threshold,
discarding empty or low-quality submissions and flagging suspicious patterns (e.g., the
same uploader repeatedly submitting manipulated content).l212]

e Human review for edge cases and adjudication: Final decisions about citations would rest
with trained staff or hearing officers, as in existing camera programs. For example, over 90
percent of contested NYC speed-camera tickets are upheld, and only 2 to 3 percent of
tickets are appealed.5!

e Strict data-retention and use limits: Non-violating plates would be deleted quickly (e.g.,
within days), and even confirmed violation records would be retained only as long as
needed for adjudication, with statutory bans on secondary uses such as general location
tracking or immigration enforcement.[261[51

e Revenue-neutral or safety-earmarked design: Net revenues from citizen-video—based
enforcement should be dedicated to road-safety improvements—traffic calming, safe
crossings, and education—in the communities where violations occur, and programs should
avoid contractor revenue shares that create perverse incentives 212l

Equity concerns require active monitoring. New York’s analysis of its speed-camera program
found no correlation between neighborhood income or racial composition and the number of
violations per lane-mile, and more than 40 percent of violations went to vehicles registered
outside the city, indicating that many tickets target commuters rather than local residents. A
citizen-camera system should track the geographic distribution of complaints, violations, and
revenue, and ensure that installation of complementary safety measures—such as speed humps



and signal changes—prioritizes high-burden, high-risk corridors, not only those with politically
powerful complainants. 514l

Finally, policymakers must draw a bright line between structured citizen reporting and deputizing
vigilantes. The goal is to give agencies scalable tools to act on behavior that is already widely
observed and resented—not to encourage confrontations in the street or turn neighborhoods
into adversarial surveillance zones. Public messaging should emphasize that people should never
put themselves at risk to capture a violation, and that the primary use of aggregated reports is to
prevent serious harm, not to punish every minor infraction.

A ROADMAP FOR U.S. AGENCIES
Implementing citizen-camera—assisted enforcement is not an all-or-nothing proposition.
Agencies can proceed in stages, learning and adjusting as they go.

1. Clarify legal authority and evidentiary standards.

State legislatures and city councils should first clarify whether and how citizen-recorded video
can be used as primary or corroborating evidence for traffic violations, drawing on existing
practices for using 911 calls, body-camera footage, and fixed camera recordings. Statutes should
define what constitutes an acceptable clip (e.g., minimum duration, visibility of lane markings or
signals, clear plate images) and establish that agencies—not private platforms—retain control
over enforcement decisions and data.[21[2l

2. Build and test a VLM-based analysis pipeline.

Next, agencies can pilot internal pipelines that take in doorbell, dashcam, or smartphone clips
from volunteers and process them using open-source VLMs. A prototype would:
e Detect vehicles and plates with YOLOv8 or similar models,

e Use CLIP-based or BRISQUE image-quality metrics to select a handful of high-quality frames
per video,

e Prompt alocal VLM (e.g., Llama-3.2-Vision) to extract plate text and make—model,
optionally with self-reflection to improve reliability, and

e Compare outputs against registration databases to validate identity.[211l
Initially, this pipeline could operate in “shadow mode”: analysts compare automated outputs
with manual review, assess accuracy, and tune thresholds before any citations are issued.

3. Launch narrow, well-scoped pilots.

With legal authority and technical capacity in place, agencies can begin narrow pilots focused on
high-consensus behaviors and locations. Logical starting points include:

e Idling and illegal parking in loading zones or bus lanes, building on NYC’s reporting-reward
model.[22112]



e Excessive vehicle noise, leveraging noise-camera precedents to define decibel thresholds

and plate-only imaging.[261111

e Clearly dangerous driving such as triple-digit speeding, racing, or egregious red-light
running on designated corridors, with high, speed differentials that are visibly obvious -
even without sophisticated measurement. 104l

Pilots should include transparent reporting on the number of submissions, percentage leading to
action, and the spatial and demographic distribution of both reports and violations.

4. Integrate with other countermeasures.
Citizen-camera data should not sit in a silo. Agencies can use aggregated reports to:

e Prioritize locations for fixed speed or red-light cameras, especially where probe-data
analyses also show chronic speeding 5141

e Guide police patrols to late-night hotspots without relying on random patrols or subjective
perceptions.

e Inform public campaigns and neighborhood speed-watch efforts, showing residents that
their complaints are taken seriously.l4

Over time, citizen-supplied video can also complement in-vehicle technologies, like intelligent
speed assistance (ISA), which the European Union requires on all new vehicles sold and which has
lowered time spent above PSL by 10 to 15 percent.314

5. Scale cautiously while preserving trust.

As accuracy improves and pilots demonstrate safety benefits, agencies can expand both the
range of enforceable behaviors and the geographic scope of programs. But each step should be
accompanied by renewed privacy reviews, community engagement (particularly in historically
over-policed communities), and clear evaluation metrics, including both crash outcomes and
perceptions of fairness. Where feasible, agencies should publish anonymized aggregate data and
independent evaluations, as New York has done for its school-zone cameras. 2121

CONCLUSION: CLOSING THE ENFORCEMENT GAP WITH CITIZEN CAMERAS AND Al

The underlying facts are stark but malleable. Human behavior—especially speeding and high-risk
driving maneuvers—accounts for the overwhelming majority of serious crashes, and the U.S.
tolerates a level of road danger well above that of its economic peers. Probe-vehicle analyses
from Texas and elsewhere show that speeding is pervasive on 30- and 40-mph streets, spikes late
at night and on weekends, and concentrates on the very facilities where pedestrians and other
vulnerable users are at greatest risk. Yet traditional enforcement is so sparse that many drivers
reasonably assume they will not be caught [6l814]

Where the law allows, automated enforcement programs (like New York City’s school-zone
speed cameras and Washington, D.C.’s corridor cameras) have proven that consistent, objective
enforcement can cut speeding by 70 to 90 percent at camera sites and reduce serious crashes, all
while avoiding the inequities and risks of discretionary traffic stops. But the capital and political



costs of fixed cameras limit their reach. Millions of consumer cameras have already filled that
spatial gap. What has been missing is a systematic way to translate those pixels into robust, fair
citations and policy-relevant data.[20131I5]

New generations of computer-vision and vision—language models now make that translation
feasible. Smartphone and dashcam videos can be processed to extract plate numbers and vehicle
descriptors with accuracy high enough to support enforcement and, just as importantly, to
prioritize the most dangerous behaviors for human review. Open-source models capable of
running on-premise mitigate privacy risks and avoid recurring API costs, making large-scale
adoption affordable even for smaller agencies.[1[2l

If designed thoughtfully (including strong privacy protections, revenue-neutral structures,
equitable deployment, and clear human oversight), a citizen-camera—assisted system can give
agencies the tools they need to act on the speeding, racing, and reckless driving that residents
already see and fear every day. It is not about deputizing vigilantes; it is about finally aligning our
enforcement capabilities with the reality of a camera-saturated, Al-enabled world, and using that
alignment to save lives on American roads.
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