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Executive Summary

In recent years, American municipalities have readily implemented automated license plate
readers (APLRs) for use by law enforcement. ALPRs are cameras that can quickly scan images
of car license plates. The primary function of these cameras is to assist law enforcement to find
the location of particular vehicles, chiefly for purposes of recovery of stolen vehicles.

ALPRs have been a growing trend in law enforcement in the United States since the early 2000s.
From 2007 and 2012, ALPR use jumped from 19% to 71% nationally, with 85% of enforcement
agencies planning to buy or expand their systems, according to a Policing Project report (Second
Report of the Axon AI Ethics Board: Automated License Plate Readers 13). Federal and state
funding provided tens of millions of dollars for ALPR purchases (Ibid.).

Despite the surge in their popularity, the efficacy of ALPRs has largely evaded serious inquiry.
Practical limitations seem to be the primary cause of this gap in the literature. Anachronistic
technology may have lacked some of the communicative abilities with networks that current
systems possess, combined with little apparent interest in logging ALPR data. Given the lack of
historical data available and few legal requirements to keep records, there have not been
adequate studies on the subject of ALPR efficacy. A Police Executive Research Forum (PERF)
paper analyzing an auto theft investigation unit in Mesa, Arizona, in 2011, showing an uptick in
recovered vehicles after ALPRs, but no reduction in motor theft, has been the only literature of
note (Wexler). However, the paper lacks long term records and does not look for statistically
significant results, perhaps due to this lack of data.

Instead, this project reviewed the investigative leads generated by the ALPRs and the recovery of
stolen cars in the City of Piedmont between the years 2013–2019, while comparing occurrences
of motor vehicle theft before and after the ALPRs, between 2004–2021. This serves as a case
study illuminating the costs and benefits for cities procuring ALPR systems. This paper can
provide guidance for more efficient law enforcement strategies, lower tax burdens, and better
property protection strategies.

The following observations resulted from the analyzed data:

● The ratio of Piedmont’s ALPR systems license plate hits-to-investigative leads for law
enforcement is subjectively low, less than 0.3% of hits equate to leads;

● the positive correlation between license plate hits and investigative leads is weak;
● the positive correlation of plate “hits” and stolen vehicle recoveries is weak, indicating

more plate hits does not necessarily entail more vehicle recoveries;
● There is statistical support that vehicle thefts after ALPRs are installed are observed to be

lower; and
● the market value of recovered stolen vehicles during the years observed exceeds the city’s

costs to purchase the cameras, but given the absence of evidence of a causal relationship
between ALPRs and recovered vehicles, it is not suggested that the costs to the city have
been recuperated.
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Background

ALPR systems gather data on passing cars in a manner that greatly exceeds human observation.
The stated intention of such a system was that prior to the prevalence of ALPR technology, law
enforcement officers would need to confirm plates visually and subsequently compare the license
plate number with a database or central dispatch. ALPRs have the potential to mitigate staffing
limitations and other associated labor and human capital costs.

The distinguishing feature of ALPR cameras relative to standard consumer cameras or closed
circuit television cameras frequently used in private security surveillance is in the ALPR’s ability
to recognize characters. Conventional digital cameras, that is, those not included within the
ALPR definition, capture images as a composite of individual pixels. Whereas, conventional
analog cameras used in surveillance similarly capture images in horizontal or vertical lines of
pixels, referred to as “tv lines''. In addition to incorporating a “snapshot” composite of pixels,
typical ALPR systems possess “optical character recognition” or “OCR” software. OCR enables
the cameras to translate packets and groupings of pixels into ASCII binary code corresponding to
their alphanumeric character (The CCT Advisory Service).

When a car approaches the camera, the ALPR takes a series of pictures of the incoming vehicle.
The system at typical vehicle speeds may capture over ten pictures of a particular car, though
five pictures are considered to be the minimum amount of captures needed to maintain accuracy
(Ibid.). Each individual picture functions as a single bitmap, a mapping of an array of bits that
can store the value of colored pixels to make an image file (Ibid.). Though systems vary, even
monochromatic cameras are capable of being equipped with OCR software given sufficient
resolution. The OCR software can scan the whole of the bitmap array and then produces an
estimation if the software may replace the grouping of pixels with the ASCII equivalent of the
estimated alphanumeric character (Ibid.).  When the license plate is translated by the OCR
software, the vehicle registration and plate data are placed on a list attached to vehicle
information and are digitally retained. Some methods of license plate detection are specifically
tailored to particular circumstances, such as known colors (Navas and Mahesh). Others might
create unique identifiers for each scanned vehicle (Crump).

ALPR cameras may be subdivided into two major groups in terms of their mount. Stationary
ALPRs are confined to a particular location and may be fixed to existing municipal infrastructure
of sufficient height, such as on light poles. Though the specific ratio of installation places, such
as pole mounted versus car mounted is presently unknown, a seeming trend is positioning
stationary cameras on traffic intersections or over freeway entrances and exits. When a number
of stationary ALPR cameras are fixed across a singular road system such as a freeway, data
collection can determine the direction and speed of the traveling car (Electronic Frontier
Foundation). When data is retained over a period, analysis would be able to determine the
frequency of a particular license plate traveling past a given camera network and would likewise
be able to determine travel patterns, plausibly allowing for the investigators to deduce a driver’s
place of living or place of employment (Ibid.).
________________________________________________________________
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The second subgroup of camera mount is mobile ALPR systems. These systems are frequently
fixed to municipal patrol cars. In some municipalities that use ALPR specifically for parking
enforcement, these cameras are frequently dedicated to parking enforcement patrol vehicles,
though mobile ALPR cameras used in vehicle recovery or other non-parking enforcement related
law enforcement may be attached to general police patrol vehicles (Ibid.). The mobile nature of
these ALPR cameras would allow for law enforcement officers to fill gaps within existing
stationary ALPR networks, e.g, it would allow a police officer to direct their vehicle in a
geographic area where there are no stationary ALPRs to act as a stopgap stationary ALPR. It also
allows for the ALPR system to gather license plate related data as the vehicle travels throughout
the municipality or freeway system (Ibid.). In some instances, mobile ALPRs may be used to
direct vehicles to get a second reading of a license plate that a previous stationary ALPR flagged
as suspect, given that the car direction is known.

When read, license plate data constitutes a bulk collection of data. That is, ALPR systems allow
for data to be captured without needing to discriminately investigate individual cars in person.
When license plate information is acquired, ALPR systems can coordinate with other databases,
such as a list of stolen vehicles. When a license plate is flagged, or “hit,” that implies that one of
the connected databases with the ALPR system has returned a value that is associated with a
vehicle in connection with a suspected crime or infraction. When returned, that license plate
reading is placed on a secondary “hotlist,” which is a preloaded list of license plate data (Ibid.).
This data is easier to “fetch,” i.e. receive a return value on encoded data. This enables ALPR
systems in a general geographic location to better actively search for a particular license plate by
notifying an officer in the field about the location of a “hot” car, a car associated with suspected
misconduct (Ibid.).

Data ascertained by these systems are used to conduct primarily three generalized forms of
investigation: real time, historical and predictive. The capacity to conduct real time
investigations stems from the ability of ALPR systems to actively track individual vehicles in the
aforementioned manner of determining the direction and speed of the car in between camera
positions (Ibid.). Historical investigations augment pre-existing law enforcement investigations
by complementing officers’ direct investigations. Law enforcement personnel may fill in
incomplete information gathered by the APLR system or could retrieve other data associated
with a license plate given other information on the vehicle, helping to identify secondary
information of those suspected of misconduct (Ibid.). For use in predictive policing, collected
data can be farmed for use by law enforcement personnel and law enforcement contractors to
identify potential crime patterns. If successive “hits” of differing vehicles are congregated or
grouped into a particular geographic location or time, the information could be relayed to officers
for extra scrutiny.

Other real time enforcement that does not pertain to suspected stolen vehicles, but is included
within the ALPR framework, are parking control cameras, whereby the system can control
access to a lot or garage; fee collection cameras can automatically collect a fee for entry into a lot
and can database its occupants; toll collection operators of roads or bridges can automatically bill
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customers; and traffic control, such as capturing the license plate of cars running a red light
(Mesnik).

Method

The City of Piedmont, California is chosen for the years 2004–2020 as a case study because of
its high degree of transparency in regards to ALPR reporting. Piedmont is a predominantly
residential city located in Alameda County. The Piedmont Police Department is one of the few
agencies that self-reported ALPR data from the inception of its program and one of the few
agencies in the United States that have been tracking ALPR hits for several years. For each of
Piedmont’s stat sheets, the number of plate hits, stolen vehicle recoveries, recovered vehicle
values, arrests related to ALPRs, and investigative leads related to ALPRs are reported.

When trying to analyze the efficacy of ALPRs, the downstream effects of the ALPR system are
potentially broad. A study of the estimated outcome of ALPR systems within the Phoenix,
Arizona metropolitan area, one of the more comprehensive projections of its kind, sought to
include monetary benefits associated with improved registration compliance and insurance
compliance (Eberline). While downstream effects of this kind are in of themselves important,
available data for this case that attributes registration and insurance compliance numbers to
ALPR readings are inconclusive. Because assistance with stolen vehicle cases is frequently
discussed as the chief rationale for investing in ALPR systems, stolen vehicle recovery and
instances of vehicle theft are weighted as the most significant recuperated outcome, with
investigative leads and the value of the vehicle being the variables of concern (Wexler).

A calculation of the ratio between Plate Hits and Investigative Leads for the years 2013–2019 is
given. 2013 was the year in which Piedmont procured the ALPR systems, though they were not
in use until November of that year. A calculation of ratios is relevant in terms of preliminary
inferences on the practical significance of the relationships between variables. The robustness of
ratios is less preferable than statistical testing for determining statistical significance. However,
ratios of these variables have previously been used to estimate ALPR efficacy in the past and are
included to expand previous literature (Piedmont License Plate Reader Analysis Shows 99.97%
of Data Collected is Useless 2015).

A linear regression analysis was performed to ascertain the correlation between Plate Hits and
Investigative Leads and Plate Hits and Stolen Vehicles Recoveries. The year 2020 was not
included in these regression analyses because a completed uniform reporting for 2020 is not
available. Tentative reporting of 2020 values is provided in Table 7.

To compare the prevalence of motor theft before and after APLRs, a right-tailed Welch T-Test
was used to test the hypothesis that the observed number of motor thefts after ALPRs, was lower
at statistical significance than before ALPRs. Data was compiled from police reporting from the
years 2004–2021. This is generally the most appropriate statistical test for the nature of this kind
of data.
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At this time, there are not enough samples to have a test with a high degree of power without
compromising effect size or significance level 𝛼 while solely relying on a traditional paired
t-test. Testing the right tail increases power, but priori power is still low. Unequal sample sizes
could result in a higher chance of a type I error using a paired t-test. A Welch’s T-Test generally
may be more robust on different n sample sizes between pre and post ALPR groups, therefore
was selected as the sample means comparison test.

A Mann-Whitney U Test helps supplement. A Mann-Whitney U Test does not test the same
hypothesis as the t-tests, insofar as a traditional t-test examines an equal mean in alternative and
unequal groups, whereas the Mann-Whitney U Test provides an informative approximation by
randomized observations. That is, the probability of our Before ALPR Group X exceeds an
observation from the After ALPR Group Y (in this case, a reduction in motor theft after ALPRs
would be a relevant result) than the probability of an observation from After ALPR Group Y
exceeding an observation from Before ALPR Group X, such that:

P(X > Y) ≠ P(Y > X) ∨ P(X > Y) + 0.5 · P(X = Y) ≠ 0.5

To examine the costs, the City of Piedmont’s 2013 purchase order of 39 ALPR cameras for
$576,378.80 with the ALPR vender 3M is used (“Piedmont 3M Invoice #SS24997 Redacted”).
To calculate the average aggregated cost of individual cameras the sales taxes items of
$34,210.80, $526.20, and $7894.80 are deducted from the $576,378.80 invoice charge resulting
in a non-tax included purchase order of $529,010. When discounting the shipping charge of
$2,690, the real purchase order value is $526,320. Divided amongst the 39 cameras, each
individual camera's value (from the aggregate) is equivalent to $13,495.38.

This number generally comports with the $20,000 per camera average evaluation from the
Arizona Department of Transportation projection, as variance in model and purchases may
account for the discrepancy (Eberline 41). This is not to suggest that taxes or shipping costs
should not be included in determining the cost versus benefits of these systems. Rather the
separation is meaningful to maintain a threshold for camera costs, marginal one time shipping
events, and for money flowing back into the state by virtue of California and county taxes.

The aggregation of camera costs is helpful rather than tabulating individual camera costs largely
in part due to the unapparent difference in efficacy between varying camera models. That is, for
the purpose of this estimation, a P392+ camera costing $8,800 and a P392 camera costing
$15,200 is assumed to have a comparable capacity for detecting a flagged vehicle. While the
variety of models and features suggests that different cameras are more apt for fulfilling certain
functions, a reasonable weight on the individual camera variables cannot presently be
determined. Moreover, given that the cameras operate within a network and frequently rely on
additional cameras to track a particular vehicle, this work assumes these cameras, irrespective of
model, are all technically equivalent to each other.  See Supplementary Material B: Excerpted
Hardware Listing, Piedmont 2013 3M Invoice-Redacted for an itemized list of costs.
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Efficacy

The following has been reproduced from a compilation of Piedmont Police Department ALPR
Stat Sheets presented at city council meetings. The years 2013–2015 were taken from the
“Quarter 2–2015” stat sheet. Years 2015–2017 were taken from the “4th Qtr 2017” report. The
full data from 2015 was updated in the latter’s report. Years 2018–2019 were taken from
“Piedmont Police Department 2019 Year End Report.” At the time of this report, as
aforementioned in the methodology section, completed values for the calendar year 2020 and
henceforth were unavailable. A tentative table for 2020 is provided from the May 17, 2021
Piedmont Police Department Quarterly Report in Table 7 (Lillevand, 2021).

In 2013, in the month of May, an Investigative Lead was reported without a Plate Hit.
Considering the city had not yet implemented its system, this is a peculiarity. The presumption is
that this is a data quality issue from the City of Piedmont. However, because the data is unclear
on the origin of the information prompting the investigative lead, it is difficult to say with any
certainty that this was a typographical mistake. The majority of the following analysis operates
as if the data was reported correctly. However, a second regression with a “0” substituting the
“1” will be run. Counting the errant (0,1) suggests that the interpretation of the intercept means
that a portion of investigations are related to ALPRs, even with no hits. This is a practical
implausibility.

Table 1.

2013 Plate Hits
Stolen Vehicle

Recoveries

Recovered
Vehicle
Values

Arrests
Related to
ALPR's

Investigative
Leads Related

to ALPR's
May 0 0 0 0 1
June 0 0 0 0 0
July 0 0 0 0 0
August 0 0 0 0 0
September 0 0 0 0 0
October 0 0 0 0 0
November 460 3 13,000.00 1 0
December 532 2 4,501.00 0 0

Totals 992 5 17,501.00 1 1

2014 Plate Hits
Stolen Vehicle

Recoveries
Recovered

Vehicle
Arrests

Related to
Investigative

Leads Related
________________________________________________________________

August 3, 2022



Efficacy of “Hits” by Automated License Plate Readers | 11

Values ALPR's to ALPR's
January 374 1 6,000.00 2 1
February 276 1 20,000.00 1 0
March 323 2 10,000.00 1 0
April 400 0 0 0 2
May 465 5 14,100.00 3 1
June 391 3 26,000.00 0 2
July 394 1 15,000.00 0 1
August 375 2 1,000.00 1 1
September 500 2 2,000.00 0 2
October 742 0 0 0 0
November 692 3 12,432.00 3 0
December 802 2 5,000.00 5 5

Totals 5734 22 111,532.00 16 15

2015 Plate Hits
Stolen Vehicle

Recoveries

Recovered
Vehicle
Values

Arrests
Related to
ALPR's

Investigative
Leads Related

to ALPR's
January 589 1 2,000.00 0 1
February 470 1 4,000.00 0 0
March 537 1 3,500.00 0 0
April 453 1 300 2 1
May 477 5 7,845.00 3 5
June 488 5 43,119.00 1 3
July 499 6 48,001.00 3 5

August 660 3 18,000.00 2 2
September 622 10 35,500.00 6 3
October 624 5 42,500.00 4 2
November 454 1 6,000.00 1 2
December 479 2 15,000.00 0 3
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Totals 6352 41 225,765.00 22 27

2016 Plate Hits
Stolen Vehicle

Recoveries

Recovered
Vehicle
Values

Arrests
Related to
ALPR's

Investigative
Leads Related

to ALPR's
January 340 2 13,500.00 2 2
February 328 1 1,000.00 1 0
March 455 5 27,500.00 5 3
April 545 8 38,100.00 4 1
May 486 7 51,338.00 3 3
June 508 6 19,000.00 6 4
July 609 4 13,500.00 1 2
August 705 0 0 1 1
September 564 8 77,900.00 5 2
October 491 1 1,500.00 1 2
November 645 3 20,445.00 3 3
December 848 6 15,500.00 5 3

Totals 6524 51 279,283.00 37 26

2017 Plate Hits
Stolen Vehicle

Recoveries

Recovered
Vehicle
Values

Arrests
Related to
ALPR's

Investigative
Leads Related

to ALPR's
January 548 5 26,000.00 4 2
February 399 0 0 0 1
March 630 3 27,000.00 0 3
April 699 4 7,000.00 3 1
May 868 5 65,100.00 3 1
June 810 2 17,000.00 2 1
July 787 5 10,938.00 5 1
August 782 2 6,000.00 0 3
September 660 4 20,496.00 4 1
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October 666 5 52,000.00 3 3
November 622 2 17,899.00 2 1
December 693 2 5,500.00 2 4

Totals 8164 39 254,933.00 28 22

2018 Plate Hits
Stolen Vehicle

Recoveries

Recovered
Vehicle
Values

Arrests
Related to
ALPR's

Investigative
Leads Related

to ALPR's
January 605 5 24,000.00 2 1
February 535 3 43,000.00 2 0
March 724 4 113,000.00 3 0
April 780 1 4,000.00 1 2
May 714 5 17,300.00 4 5
June unavailable 2 12,000.00 0 0
July *203 1 500 0 1
August 664 2 10,000.00 2 0
September 705 0 0 0 0
October 809 2 20,000.00 1 1
November 779 2 11,000.00 2 0
December 823 2 3,000.00 0 0

Totals 7341 29 257,800.00 17 10

2019 Plate Hits
Stolen Vehicle

Recoveries

Recovered
Vehicle
Values

Arrests
Related to
ALPR's

Investigative
Leads Related

to ALPR's
January 653 2 6,000.00 0 1
February 735 3 30,000.00 1 1
March 710 3 8,600.00 0 2
April 828 2 35,000.00 2 1
May 852 4 61,000.00 2 1
June 640 0 0 0 1
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July 757 5 44,500.00 3 1
August 730 4 43,500.00 1 5
September 767 2 26,000.00 1 0
October 682 2 21,000.00 0 2
November 958 4 24,000.00 3 2
December 1062 2 4,500.00 1 1

Totals 9374 33 304,100.00 14 18

Over the seven years examined, the respective totals for plate hits:

∑ Plate Hits = 44481

This results in a sample average of 6354 (rounded) per yearly period:

= 44481/7 = 6354𝑃𝑙𝑎𝑡𝑒 𝐻𝑖𝑡𝑠

Over the seven years examined, the total of recovered vehicle values:

∑ Value of Recovered Vehicles = $1,450,914.00

Per the estimated recovered vehicle value, the value of $1,450,914.00 over the years 2013–2019
exceeded the initial purchase cost of the cameras (though this evaluation inference presumes no
difference in the utility between the estimated market dollars for recovered vehicles and the
utility of police department funds).

Counting each plate hit as an individual trial and each investigative lead as a statistical success,
over the seven year period, the ratio of Plate Hits to Investigative Leads is as follows:

∑ Plate Hits = 44481

∑ Investigative Leads = 119

= 0.0026753 when floating to 7 digits119
44481

Assuming equal weights as mentioned previously in the methodology section, the value of
returned property per 39 cameras is $37,202.92, exceeding the $13,495.38 aggregated average
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cost of the cameras.

To help analyze the relationship between an ALPR’s hit and an investigative lead induced by
said hit, a simple regression analysis of Investigative Leads based on Plate Hits was calculated,
following the general formula of = β0 + β1 (x1,2 ...). For this purpose, NA values were coerced to𝑌
zero. The predicted number equals:

Investigative Leads = 0.0016818 (Plate Hits) + 0.5260684𝑌

R2 = 0.0973127 and R = 0.3119499

In the following figure, the values are graphed on a scatter plot with the trendline.

Figure 1.

The absolute value of the statistical measurement of the correlation coefficient R can fall
between [-1,1]. For classifying the degree of correlation, > 0.7 will be considered strong. A𝑅| |
general threshold of > 0.7 is considered to be highly correlated, a value between [0.5, 0.7]𝑅| | 𝑅| |
is considered moderately correlated, a value between [0.3, 0.5] is considered weakly𝑅| |
correlated, and a value below 0.3 is considered very weakly correlated (Mindrila and𝑅| |
Balentyne).
________________________________________________________________
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The result R = 0.3119499 shows a weak positive correlation between Plate Hits and Investigative
Leads. Based on this data, the number of Plate Hits is not a satisfactory predictor of Investigative
Leads. Table 2 provides a summary.

Table 2.

Inference Y = α + βx

Estimation of Slope b = 0.0016818

Degrees of Freedom df = n - 2 = 82

Standard Error Slope SEb = 0.0005657

t-Statistic t = 2.9731929

P-Value p = 0.0038686

To account for the potential of the typographical error for May of 2013, the regression was
performed again. The predicted number of Investigative Leads equals:𝑌

0.0017755 (Plate Hits) + 0.4645903

R = 0.3275049 and R2 = 0.1072594

The result R = 0.3275049 also shows a weak positive correlation between Plate Hits and
Investigative Leads. From the R value, the adjustment made to address the potential May 2013
error had little effect, though the correlation measured by R is improved by a negligible
0.015555.

Another important potential benefit of ALPR cameras could be a reduction in the instances of
motor theft and improving stolen vehicle recovery. The following investigates that hypothesis.

To analyze the relationship between ALPRs and stolen vehicle recoveries, a regression analysis
of Stolen Vehicle Recoveries based on Plate Hits was calculated. NA values were coerced to zero.

________________________________________________________________
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The regression resulted in the following:

Stolen Vehicle Recoveries = 0.0034823 (Plate Hits) + 0.7750678𝑌

R = 0.4152355 and R2 = 0.172405

Figure 2 provides a scatterplot of Stolen Vehicle Recoveries and Plate Hits. Table 3 is a record
of the summary statistics.

Figure 2.

As previously, a > 0.7 is considered strong. A general threshold of > 0.7 is considered to𝑅| | 𝑅| |
be highly correlated, a value between [0.5, 0.7] is considered moderately correlated, a𝑅| | 𝑅| |
value between [0.3, 0.5] is considered weakly correlated, and a value below 0.3 is considered𝑅| |
very weakly correlated. R = 0.4152355 shows a weak positive correlation between Plate Hits and
Stolen Vehicle Recoveries.

Based on this data, the number of Plate Hits is not a satisfactory predictor of Stolen Vehicle
Recoveries.
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Table 3.

Inference Y = α + βx

Estimation of Slope b = 0.0034823

Degrees of Freedom DF = n - 2 = 82

Standard Error Slope SEb = 0.0008425

t-Statistic t = 4.1332964

P-Value p = 0.0000858

To analyze the effect of ALPR treatment, the motor thefts before Piedmont installed ALPRs
versus motor thefts after Piedmont installed ALPRs are compared. Below in Table 4 is a year by
year count of instances of motor thefts. Figure 3 provides a line graph. In the ten years preceding
Piedmont’s first full year of ALPRs in 2014, 785 vehicles were reported stolen. Between
2014–2021, 215 vehicles were reported stolen.

In the Before ALPR group, the annual average of stolen vehicles was 50.9. The annual average
for the After ALPR group is 34.5. It is observed that the Before ALPR group has a higher average
of motor thefts, by 16.4 than the After ALPR group. Further data analysis is necessary to assist in
determining the difference between these group means.

Table 4.

Year ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11 ‘12 ‘13

Motor Thefts
Before ALPRs 77 61 75 55 44 43 17 53 42 42

Year ‘14 ‘15 ‘16 ‘17 ‘18 ‘19 ‘20 ‘21

Motor Thefts
After ALPRs 40 38 25 16 17 19 60 61
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Figure 3.

To compare the sample means between the “pre” and “post” ALPR group, a Welch T-Test
follows. To increase the test power and because fewer stolen vehicles after the installation of
ALPRs would be the relevant result, the calculation is set for a left tail, to better ascertain if the
After samples were smaller than the Before samples. Therefore the alternative hypothesis is H1:
After < Before.

For the purpose of this test, the year 2013’s results are counted in the Before ALPR group, given
the late presence of ALPRs in that year, potential lag in results from ALPRs, lag in public
perception of the existence of a potential criminal deterrent, and a lack of a clear point of
severance to make a f(2013) and f(2013′). The sample data is below in Table 5.

Table 5.

Stolen Vehicles
Before ALPRs

77 61 75 55 44 43 17 53 42 42

________________________________________________________________
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Stolen Vehicles
After ALPRs

40 38 25 16 17 19 60 61

The results of a two sample t-test (Welch), using T distribution (DF=13.7804) (left-tailed):

Table 6.

Stolen Vehicles Before ALPRs Stolen Vehicles After ALPRs

𝑋 50.9 34.5

n 10 8

s 17.647474 18.415832

Skewness -0.209852 0.583359

Normality 0.5257 0.1353

P-Value 0.03405

At a confidence level of 95%, the null hypothesis that ALPR cameras are not related to a
reduction in instances of stolen vehicles is rejected. Since the P-value ＜ α, the null hypothesis
H0 is rejected in favor of H1. The average of Before's population is considered to be greater than
the average of the After's population. In other words, the observations sampled support H1. The
P-value equals 0.0376612, (p(x≤T) = 0.962339 ).

The chance of type I error (rejecting a correct H0) is small: 0.03766 (3.77%). The smaller the
p-value the more it supports H1. The test statistic T = 1.912464, and is not in the 95% critical
value accepted range: [-∞ : 1.7543]. At 16.4, x1-x2, is not in the 95% accepted range: [-∞ :
0.0585].

The statistic S' = 8.575. The data does not have any outliers as detected by the Tukey Fence
Method, given k=1.5. The assumption of normality was checked based on the Shapiro-Wilk Test,
α = 0.05. The priori test power is low (0.4842), although H0 is rejected. Based on a two-tailed F
test, σ1 is considered equal to σ2 (P-value is 0.884). Sample R code for a demo of this test may be
found in Appendix A.
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Failing to reject the null hypothesis, the difference between the samples after the installation of
ALPR cameras and the samples before the ALPRs was not statistically significant.

To supplement the t-test, a left-tailed Mann-Whitney U Test is also used. Unlike the null
hypothesis and alternative of the t-test, where the null hypothesis states that there is no
relationship between the sample groups, a Mann-Whitney U Test null hypothesis assumes that
the distributions of the groups are the same in terms of the probability of observing a value from
one group and comparing to the other. Mann-Whitney U test has little power. The total sample
size for motor thefts is only slightly above the threshold of 7 samples in which the test would
always return P < 0.05. The result statistic is U.

The normal approximation is used. The statistic's distribution is N(40,11.2372). The data contains
ties and identical values, the normal approximation that uses the ties correction is used. A ties
correction of 0.0030959752321981426 was used. The P-value = 0.03405, (p(x≤Z) = 0.9659).
Since P-value ＜ α, the null hypothesis H0 is rejected.

Therefore, the randomly selected value of Before ALPRs' population is assumed to be greater
than the randomly selected value of After APLRs' population. The probability of a type I error is
small, 0.03405 (3.41%). The test statistic Z equals 1.8243, which is not in the 95% region of
acceptance: [-∞ : 1.6449]. U = 58.4835, is not in the 95% region of acceptance: [0 : 58.4835].
The observed standardized effect size, Z/√(n1+n2), is medium (0.43). That indicates that the
magnitude of the difference between the value from Before ALPRs and the value from After
ALPRs is medium. The results of the Mann-Whitney U Test should not be considered a definitive
conclusion. The tentative result is that random samples in the Before ALPR group are likely to be
higher than the random samples from the After ALPR group.. As more samples become
available, future research can revisit this line of testing, the demo code in R may be found in
Appendix B.

Discussion

When taking the complement of plate hits to investigative leads ratio, 99.73247% of ALPR hits
do not lead to investigative leads. This does not represent the ratio of license plate scans to
investigative leads, however. When investigating the returned vehicle value, the estimated
market value of the cars seems to suggest that over the period of a few years, in this instance,
three years, the value of returned property could be comparable to the cost of the hardware
surveillance infrastructure investment, not controlling for upkeep and service costs. However,
this return on investment may not be generalizable, as the case study subject of Piedmont, a high
income area, may have a market value of stolen cars that is not representative of other
populations, thereby a larger rate of return than may be expected from other metropolitan areas
with a comparable number of cameras. Moreover, given the weak relationship between ALPR
cameras and vehicle recoveries, there is a lack of clear evidence suggesting that the cameras have
paid for themselves.
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Present accounting of ALPR efficacy is limited by a lack of formal reporting standards by
municipal police agencies. Calif. Veh. Code § 2413 along with Calif. Civil Code §§ 1798.29,
1798.90.5, which pertains to license plate readers, limits the availability of data that would
accompany an internal audit for research purposes. As seen in Supplementary Material A:
Piedmont Stolen Vehicles 2010–2014 and TABLE 1, while the chance of a “hit” leading to an
investigation may be determined, there is a lack of raw information on the number of total plates
scanned by all cameras leading to a “hit.” Therefore, it is unclear how many license plates (and
therefore cars) are being scanned.

Data on plate scans was effectively unobtainable. A public records act request was sent to the
City of Piedmont. The police records specialist replied that there was nothing responsive to the
request as the data was only kept for a short number of days and did not relay further data. Policy
438.8 of the Piedmont Police Department Policy Manual states that:

The policy of the Piedmont Police Department is to utilize ALPR technology to capture
and store digital license plate data and images while recognizing the established privacy
rights of the public. All data and images gathered by the ALPR are for the official use of
this department. Because such data may contain confidential information, it is not open to
public review (2017).

Reviewing other municipalities that have ALPR policies in the same region, such as the City of
Alameda, similarly shows a propensity for city police departments to disallow review of their
license plate data (Alameda Police Department Policy Manual, Policy 462, Automated License
Plate Readers 2010). While it is ethically upright to purge unnecessarily stored data and give
proper consideration to the sensitivity of their records, totals for plate scans would be a valuable
inclusion in a police department crime report. Total scan numbers, for example, the number of
cars scanned in a given month, are not connected to specific individuals, nor places and do not
presently pose a compromise to the public’s expectation of privacy.

The most proximate extrapolation was from analyzing an account from Piedmont’s Flock
Safety’s Operating System, which houses the police department’s online transparency portal
(Piedmont CA PD Transparency Portal). The website does not host historic data, but does give a
count for the number of vehicles detected in the “last 30 days”. The count is not updated daily,
but periodically at intervals that are unclear. For a thirty day period, which spanned August of
2021, overlapping with September of 2021, it was reported that 122,050 vehicles were detected
by the ALPRs. Because there is no current reporting of August 2021 ALPR statistics listing the
number of hits and investigative leads, August of 2019’s data was used as a preliminary
substitute, as it was the most recent available data for the same month. Reviewing the ratio of the
aforementioned variables, compared to the number of license plate scans results in the following:

Reported scans for a 30 day period (August–September 2021) = 122050

Ratio of Plate Hits Per Plate Scans Using August of 2019 numbers: 730/122050 = 0.0059811
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Number of Plate Scans Per Investigative Leads Related to ALPRs Using August of 2019
numbers: 119/122050 = 0.0009750

While this data shows that the overwhelming bulk of scans did not translate into hits or
investigative leads, without the proper data, this observation is conjectural.

In 2018, Oakland included in its Surveillance and Community Safety Ordinance comprehensive
reporting and audit mandates for surveillance technologies, including ALPR systems (“Oakland
City Council / Rules for Surveillance Use / 4.26.2018”). Since then, the Californian cities of
Berkeley, Davis, and San Francisco, have adopted similar policies using the Oakland template. In
future calendar years, the audits and reports for these cities will become available, allowing for a
greater understanding of ALPR efficacy, though they differ from Piedmont’s template of
reporting. A type of reporting similar to Piedmont’s is preferable. Reporting should encapsulate
to the fullest extent that is feasible to include metrics of desired outcomes, such as vehicle thefts,
recovered vehicles, and so forth.

More data would strengthen the power of the T-Test. As of now, there is a higher than the desired
outcome of a type I error, that is, a false positive.

The City of Piedmont is exploring an expansion of its ALPR network. If the city procures
additional ALPRs, it would be beneficial to continue analyzing the costs and benefits of the
efficacy of these camera networks. One specific question would be whether or not more cameras
equals more investigative leads as a consequence of more coverage, or would there be
diminishing returns? Supplementary Material C: Excerpts of Quoted Prices from Piedmont
Council ALPR Expansion Agenda Meeting 07/01/2019 provides quoted costs and listings of
the proposed expansion. When new reporting is released, the efficacy of the plate readers can be
compared with these costs. Tentative reporting from the Piedmont police department regarding
2020 shows an uptick in motor thefts, as seen in Table 4. Preliminary figures for 2020 can be
seen in the following table.

Conclusion

The low ratio of hits to investigative leads casts doubt on the practical significance of the
reliability of ALPRs to translate hits of license plates to investigative leads for law enforcement.
The findings also show that the correlation between license plate hits and investigative leads is
statistically weak and the correlation of plate hits and stolen vehicle recoveries is also
statistically weak. The low degree of correlation fails to demonstrate that plate hits are a strong
predictor of the desired responses. However, the average number of stolen vehicles since the
installation of ALPRs is observed to be lower than years prior, and sample means comparisons
are statistically significant. Though the collection of this data does not meet the standards of a
controlled study, for which those tests are most useful. With numerous variables, it would be
improper to make the firm conclusion that ALPRs are an effective treatment for deterring vehicle
theft. However, that possibility is not rejected. Despite the market value of recovered vehicles
exceeding the camera costs, given the lack of evidence supporting a strong relationship between
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the cameras and recovered vehicles, it cannot be determined that the camera costs were
recuperated.

Table 7.

2020 Plate Hits
Stolen Vehicle

Recoveries

Recovered
Vehicle
Values

Arrests
Related to
ALPR's

Investigative
Leads Related

to ALPR's

January 938 0 0 0 NA

February 602 1 16,000.00 1 NA

March 710 1 15,000.00 0 NA

April 702 7 61,500.00 5 NA

May 624 3 15,000.00 1 NA

June 721 3 10,000.00 2 NA

July 805 3 6000 1 NA

August NA 2 3,800.00 2 NA

September 1275 3 9,000.00 2 NA

October 879 5 12,000.00 1 NA

November 1005 3 9,500.00 0 NA

December 820 3 9,500.00 2 NA

Totals 9081 34 167,300.00 17
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Appendix A: Demo R input for Two Sample T-Test

> BeforeALPRs1<-c(17,42,42,43,44,53,55,61,75,77)
> AfterALPRs1<-c(16,17,19,25,38,40,60, 61)
> t.test(BeforeALPRs1, AfterALPRs1, alternative = "less", paired = FALSE, var.equal =
FALSE, conf.level = 0.95)

Appendix B: Demo R input for Mann-Whitney U Test

> BeforeALPRs2<-c(77,61,75,55,44,43,17,53,42,42)
> AfterALPRs2<-c(40,38,25,16,17,19,60,61)
> wilcox.test(BeforeALPRs2, AfterALPRs2, alternative = "greater", paired = FALSE, exact =
FALSE, correct = TRUE)
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Supplementary Material A: Piedmont Stolen Vehicles 2010–2014
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Supplementary Material B: Excerpted Hardware Listing and Invoice
Redacted, Piedmont 2013 3M
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Supplementary Material C: Excerpts of Quoted Prices from Piedmont
Council ALPR Expansion Agenda Meeting 07/01/2019
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