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The Florida Department of Transportation (FDOT) Florida’s Turnpike Enterprise
retained CUTR to evaluate the functionality, capability and accuracy of Autosense
Axle Counter™ (ASAC). ASAC is a diode-laser-based wvehicle detection and
classification sensor manufactured by Schwartz Electro-Optics (SEOQ) of Orlando.
The device is ideally located on a pole alongside the highway or alongside a toll
lane, pointing downward toward the center of the traffic lane. ASAC is mounted five
feet above the road surface and emits two laser beams at a fixed angle separation of
ten (10} degrees onto the pavement. As a vehicle passes the device, the laser beams
are broken and the device is able to generate a series of two-dimensional scans of
the vehicle. Once the vehicle has passed fully through the beams, a three
dimensional image of vehicle is developed. This image is used to count the axles
using in-built device algorithms. This device had the multiple capabilities: to detect,
to separate and to classify vehicles.

The evaluation took place at Leesburg Mainline Toll Plaza on the Florida Turnpike.
The data used in this report included the information dating form May 17 - July 14,
2002, with a sample size of 30,535 vehicles. The objective of the evaluation was to
assess the accuracy of ASAC as a vehicle classifier and separator. Comparison of
the ground truth videotape with the transaction records generated by the plaza
computer, as well as by the SEQ data files, formed the basis for this evaluation. This

ground truth comparison allowed real time evaluation of any errors within the
system.

The ASAC device evaluated in this report was a prototype. Over the course of the
evaluation period, a total of 30,535 vehicle transactions were assessed. There were

370 errors attributed to the ASAC, The ASAC device accuracy at 95% confidence
level is greater than 98.67%.



loaned to the Florida’s Turnpike Enterprise for the preliminary evaluation of

the unit’s adaptability and functionality with the existing Florida Tolls
System. (For more information about SEQ refer to Appendix A). The FDOT Florida's
Tumpike Enterprise retained CUTR to evaluate the performance of ASAC installed
and adjacent to Lane 3-B at the Leesburg Mainline Toll Plaza. The performance
evaluation is similar to that previously conducted by CUTR, to assess the accuracy
of AutoSense !I® as a vehicle separator. The evaluation of ASAC consisted of the
following;

ﬁ Schwartz Electro-Optics (SEQ) Autosense Axle Counter™ (ASAC) was

~ Florida’s Turnpike Enterprise installed one ASAC sideway unit in Lane #3-B at
the Leesburg mainline plaza. The output signals for vehicle separation and
classification were obtained exclusively from the ASAC unit. This was compared
directly with the corresponding video ground truth.

~  ASAC was tested for the vehicle separation and classification. A thirty-three day
operation test for an 8-hour period of each day commenced immediately after
ASAC” was installed and verified for operational performance.

~ CUTR prepared this performance evaluation report, including verification of
statistical significance of the ASAC vehicle axle count performance.



Overview

This device was designed by Schwartz Electro-Optics (SEQ) and was
developed under an Intelligence Transportation Systems — Ideas Deserving
Exploratory Analysis (ITS- IDEA) program for the National Academy of Sciences,

g SAC is a diode-laser-based vehicle detection and classification sensor (VDC).

ASAC has the capabilities to detect the presence of a vehicle, to separate vehicles
and to count the number of axles per vehicle. It also provides other type of
information such as the vehicle’s timing and speed.

ASAC is usually positioned on a pole alongside a toll lane, pointing downward and
toward the center of the lane.

Through its field-of-view, ASAC first scans the road leading to range measurements
across the width of the road at two locations in front of the device. These
measurements are processed to generate messages that uniquely detect, separate,
and quantify each wvehicle along with providing speed and camera trigger
information.

Device Specifications

ASAC starts detecting vehicles automatically upon powerup. ASAC is a user-
friendly device that doesn’t require any field adjustment due to its self-calibration.
(See Table 1 for specifications of the device.) The laser device is enclosed in a solid

case and requires little maintenance. The only requirement for preventive
maintenance is keeping the window clean. A dirty window can result in range

errors.  SEQ recommends cleaning the window every six months with an optical
lens tissue to prevent scratches. ASAC housing is nitrogen purged, hermitically
sealed prior to shipping, and should be opened only in a laboratory environment by
SEQ personnel. SEQ staff set all calibration and alignment adjustments during the












Table 4: Summary of Axle Counter Only Errors
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Errar Type 1"

This error type is assigned to vehicles whose number of axles couldn’t be clearly
identified on the videotapes. For error “1*, only two sources of information were
available such as the transaction record in the FDOT computer text files and the
results from the ASAC device. In some instances due to weather conditions, the
results couldn’t be confirmed by visually classifying those vehicles. Therefore, these
errors weren't aftributed to any potential sources of error. In our sample, 0.08% of
‘the total number of vehicles fell into that category.

Error Type “5*

This error type is related to incorrect vehicle separation and therefore was only
attributed to ASAC. In each case, two or more consecutive vehicles were incorrectly
classified. This was done to show that the total number of axles over the transaction
period was correct and hence the incorrect axle allocation must be due to a
separation error and not a type “E" error. The frequency rate for error type *S” was
0.21% of the total number of vehicles. These errors were attributed to ASAC,

Error Type “A”
The error type is defined for vehicles whose transaction records in the FDOT-
computer text files as well as results from the ASAC text files were erroneous. This
FDOT error type has a frequency rate of 0.05%. This category of errors was
attributed to vehicles that had both error types “E" and “F". These errors were
attributed to ASAC.



Evaluation Resulis

transactions were assessed. There were three potential sources of error

attributed to the ASAC device, the error types “E”, *S”, and “A”. The error
type “E", assigned to vehicle axle misallocation by the ASAC, has frequency rate of
0.95%. The error type “S", defined as separation errors, has an error rate of 0.21%.
The error type “A”, attributed to both the ASAC device and the FDOT computer text
files, occurs with a rate of 0.05%. There were a total of 370 errors attributed to the
ASAC (as shown in Table 4). Appendix C includes a description of the statistical
analysis conducted for this evaluation.

Over the course of the evaluation period, a total of 30,535 wvehicles

Statistically, there were 30,535 (N) potentially successful transactions from the ten
data collection instances and 30,165 (X) successful transactions. This results in a
0.9879 successful proportion (P, or a 98.79% nominal ASAC device accuracy.
Based on this value of P, the accuracy interval for a 95% confidence level is
between 98.91% and 98.67%. This result is best expressed, “The ASAC device
accuracy at the 95% confidence level is greater than 98.67%."

SEO Planned Improvements

The above results were presented to SEQ staff. They indicated that the axle counter
was a prototype and NOT the final version. SEQ staff has indicated that the
following changes were made to the axle counter since its installation at Leesburg:

» Improving the guality of the input data through the addition of a high voltage
- feedback control to attain the best intensity data. This change was
implemented in the Open Road version of the Axle Counter and results
improved by 0.5 percentage points, as reported by SEQ,
> Increasing the laser pixel resolution per scan while a vehicle is present by
incorporating a dynamically changing spread of pulses within each scan
using half angle steps for higher resolution at the base of the vehicle,

Also, some of the planned changes (as per SEQ) to the prototype axle counter before
it is ready for sale are:



¥ Refinement of the "Shape Based" algorithm to more efficiently utilize

processor loading
¥ Increase the size of the input buffer for the laser (vehicle} data before the

algorithm can process it so that the long tractor-trailers do not fill the buffer.

¥* Incorporate the developed, but as yet implemented "Range based”
algorithm. The new hardware environment has greatly enhanced our ability
to achieve less than 3-inch accuracy, thus the data guality will enable us to
utilize a second algorithm to verify the number of axles seen.

Mext Steps

The ASAC device evaluated in the study was a prototype, which is not yet ready for
field deployment based on the accuracy level results presented above., The
manufacturer (SEQ) has indicated that it is currently working on additional
improvements of the device.

This study recommends that once the planned improvements are incorporated, the
ASAC device be evaluated again for field performance.



APPENDIX A

AutoSense Axle Counter™ (ASAC) Product Information
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Company History

Founded in 1984, Schwartz Electro-Optics, Inc. (SEOQ) has achieved worldwide
recognition as a leader in the design and manufacture of solid-state lasers, SEO
produces a variety of leading laser systems for the commercial and governmental
markets worldwide, Current product lines include laser-based weapon simulation
systemns, laser sensors for traffic management, precision farming and an
conservation. In addition, SEQ is engaged annually in government and privately
funded research and product development projects. The company is headquartered
in Orlando, Florida with a subsidiary in South Plainfield, New Jersey.

Since 1997, SEQ has developed the Autosense products, an advanced laser
scanning product line for toll and traffic management. The Autosense devices have
the capabilities to track, analyze traffic over a wide range of applications. Some of
those applications are vehicle detection, classification for a multitude of applications
including toll collections, traffic flow analysis, bridgeftunnel clearance, etc. Today,
over one thousand Autosense units are installed on highways throughout the world.
In the past two years, SEQ had successfully obtained different contracts. In 2001,
SEO was awarded the United States Army's Multiple Integrated Laser Engagement
Systern XXI contract to build laser training systems. This contract was valued at more
than $70 million over the next five years. In May 2002, SEO was awarded a
$1million contract with Candela Corporation, to provide diode laser modules. Last
May, the company introduced their conservation art restoration laser to the world at
the Salone del Restauro in Italy. The privately owned high tech laser manufacturer
had yearly sales totalizing $26 million.
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"APPENDIX B

Sample Transaction Record Text Files
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Table B-1: Sample of Excel File of Data

TIME TRANSACTION FORWARD OB-FDOT OBSERVED OB-SEQ SEO ERROR TYPES
140317 2019 05 0 2 1 4 E
140341 8020 02 0 2 0 2

140350 9021 - 02 0 2 0 2

140422 a022 05 0 o 1 4 E
140430 a023 02 0 2 0 2

140441 9024 02 0 2 0 2

140449 9025 02 3 5 0 5 F
140458 9026 02 0 2 0 2

140508 8027 02 0 2 0 2

140522 9028 02 0 2 -1 3 E
140541 9028 02 0 2 0 2

140613 9030 05 0 5 3 2 S
140653 9031 05 0 5 3 2 S
140708 9032 04 0 4 2 2 S
140739 9033 05 0 3 0 5

140751 9034 02 0 2 -3 5 E
140758 9035 02 0 2 0 P

140812 9036 02 0 2 0 2

140840 2037 05 0 5 0 5

140854 2038 02 0 2 0 2

140044 2039 05 0 o 0 5

141020 9040 03 0 5 0 5

141026 9041 02 0 2 0 2

141044 9042 02 0 2 0 2 :
141116 9043 05 0 5 1 4 E

Mote: For the explanation of each column heading, see next page
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Description of Cc:rl'umn Headings of Table B-1

TIME:

Time when the transaction was recorded. The time is read as two digits each hour,
minute, and second; i.e. hh.mm.ss

TRANSACTION:
Transaction number sequence

FORWARD:
Registered Axles. The number of axles allocated to a vehicle as determined by the
toll collectar.

OB-FDOT;:
This number represented the difference between the axles number in the
OBSERVED column and the axles number in the FORWARD column

(OBSERVED:
Axles observed in the CCTV view. The number of axles allocated to the vehicle as
determined by viewing the CCTV images.

OB-SEQO:
This number represented the difference between the axles number in the

OBSERVED column and the axles number in the FORWARD column
SEOQ:
ASAC axles, The number of axles allocated to the vehicle as determined by the

ASALC,

FRROR TYPES:
The error type as in Table 2

B3



APPENDIX C

Determination of Statistical Significance of Test Results
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If p is the probability of a success in a lane transaction and g=(1—p) is the

probability of a failure (deviation) in a lane transaction, then the probability of X
successes in N transactions is given by

M

p(X) ={ ],]p’* (t=p). (1)

xXiv-x

Equation (1) is usually called the “binomial distribution”. 5Since p(X) is a probability
rather than a deterministic measure, solution for p(X) directly from equation (1) is
impossible. We must turn to statistical methods for the solution.

If a very large number of transactions (N) were observed and the number of
successes (X} were recorded, then we would expect that the proportion P=X/N
(the success rate} would converge to a single value which would be numerically
equal to the probability of success, p. The issue at hand is how small can N be and
still produce an acceptable approximation to the probability of success, p.

An example will help in understanding this concept. Suppose that a perfect coin
with probability of a head-toss equal to the probability of a tail-toss (both equal to
1/2) is used to conduct a series of tosses. At the first toss (N =1) either a head or tail
appears. Arbitrarily calling a head a success, the P value is either 1 or 0 depending
on whether a head appeared. Clearly 0 or 1 is not a satisfactory approximation to
the known probability of a head. At the second toss (N =2) again either a head or a
tail appears. For N=2 there are four possible sequences of appearances:
head-head, head-tail, tail-head and tail-tail. Motice that two of the four possible
sequences agree with the known probability. Continued tosses will result in a
greater and greater number of sequences where P agrees with the known
probability. Although there will continue to be a difference between the known
probability and the P value, that difference will decrease as N becomes very large.
Now repeat the same procedure with a biased coin where the probability of a
head-toss is not equal to the probability of a tail-toss. As the number of tosses grows
large the P value will be a better and better approximation to the unknown biased
probability. The question of how large N should be remains unanswered.

It is shown in mathematical sampling theory that for N samples selected from an
infinite (or very large) population, the mean and standard deviation are given
respectively, by

p, (2)

S

B, =

and,

- {2



1 ¥ p
A 3
a, N (3)

Since the standard deviation is the uncertainty in the value of p calculated from the
N samples, equation (3) shows that the uncertainty will decrease as N becomes
large. We will see that that the standard deviation can be used to calculate a
“confidence interval” for the P value. Given the mean and standard deviation of a
sampling distribution with & =30, we can expect to find a sample statistic lying in
the interval between p, —o, and p, +o, 68.27% of the time. If a greater certainty

is desired the interval must be increased. The amount of increase can be found for
specific values of the confidence interval.

In a sample of size N drawn from a binomial population in which the p is the
probability of success, the confidence limits for p are given by Ptz,c,. The values
for zc determine the confidence interval and are shown in Table 1 for selected
confidence levels. Using equation (3) we have the confidence limits for the
proportion as

In practice for N =30, the value for P may be substituted for p.

Table C-1. Selected Values For Confidence Coefficients

Confidence Level | 99% | 98% |[95% |90% | 68.27%
| z¢ 2.580 | 2.330 | 1.960 | 1.645 | 1.000

The confidence level for the axle counter can now be determined from equation (4)

and Table C-1,
Statistical Determination for ASAC Accuracy
N (Sample Size) Errors X (Successful Trans.) | P {Successful Pm;;ﬂrtiun} p{1-p)
30,535 370 30,165 0.9879 0.0120
p(1-p)¥N sart. (p(1-p)/N) z for 95% Z*sqrt. =C P+C | P-C
3.91472E-07 0.0006 1.96 0.0012 0.9891(0.9867
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