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Department of Transportation
National Highway Traffic Safety Administration

TECHNICAL SUMMARY

Report Title:

Evaluation of the VASCAR-plus Speed Messurement Device
Report Author(s):

J. Gavin Howe

Transportation Research Center of Ohjo, Inc.
The National Highway Traffic Safety Administration (NHTSA) conducted tests at the Vehicle
Research and Test Center (VRTC) to determine the accuracy of the VASCAR-plus speed measurement
device. This device is used extensively for speed law enforcement by State and Local Police.
VASCAR-plus calculates speed using the basic formula

Speed = Distance/Time.

The process of measuring a motorists speed is called clocking. A successful speed measurement attempt
is called a clock. VASCAR-plus can be used with the police cruiser stationary (stationary clocking)
or with the police cruiser moving (moving clocking).

The VASCAR-plus manual claims an overall speed measurement accuracy of + 1%, Thisaccuracy was
recently chalienged. Tests were conducted to determine the accuracy of VASCAR-plus time, distance,
and speed measurements. -

Two VASCAR-plus units were tested to determine timing accuracy. These units were electronically
tripped (no human operator). The VASCAR-plus time measurements were compared to the time
measurements of an osciltoscope which had a much higher sampling rate. A negative timing error (i.c.
measured time less than true time) produces an overestimate of the target vehicle’s speed. It was found
that 95% of the timing errors were above -0.0422 seconds (lower 90th percentile tolerance limit). This
potential timing error results in speed errors that are magnified at higher speeds and are minimized
by longer course distances. For example, the potential speed error at 80 mph over a 200 foot course

is 2.03 mph, while the potential speed error at 45 mph over a .3 mile course is 0.08 mph. ‘

Six VASCAR certified of ficers participated in a study to determine the accuracy of VASCAR distance
measurements. Three distances (200 feet, .1 mile and .3 mile) were measured. A positive distance error
(i.e. measured distance greater than true distance) produces an over estimate of the target vehicle’s
speed. The distance errors were greater than the 6.3 inch accuracy quoted in the YASCAR manual,
but 95 % of the distance errors for each distance were well below .5 % (upper 90th percentile tolerance
limit).

Eight VASCAR certified of ficers participated in several different studies to determine the accuracy
of VASCAR speed measurements. The variables and variable values examined in these studies are
listed in Table 1. Note that not all variables and/or variable values were examined in each study. The
variables and variable values were selected based on the VASCAR user manual, the results of a task -
analysis of VASCAR operation, and the resuits of a VASCAR user survey.

Table 2 lists the mean and upper 90th percentile tolerance limits for speed error for the overall study,

for all of the moving clocks, and for all the stationary clocks. The corresponding values for percent
speed error are in Table 3. '

xi



TABLE 1 --

TABLE 2 -

Tested Variables and Variable Yalues

Variable

Varisble Values

Subjects

1-8

VASCAR method

Moving

Following

Approsching from the Resr
Stationery

Parking

Angular

Nominal Speed

45 mph
60 mph
mwh“

Course Distance

200 feet
0.1 mile
0.3 mile

Visual Method

Direct
Indirect (through mirrors)

Elevation

Ground Level
Elevated (12 feet)

Viewing distance

200 feet
0.1 mile

Gap Distance
Between Vehicles

200 feet
1/8 mile

Reference Markers

Verticsl - aligned
Vertical - unaligned
Norizontal

Sridge Shadow

Mean and Upper 90th Percentile Tolerance Limits for

Speed Error (mph)

Portion of Mean | Upper 90th
Study Percentile
Oversll 426 3.134
Moving -105 1.540

Stationary | .44 4£.07¢

xii
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TABLE 3 -- Mean and Upper 90th Percentile Tolerance Limits for
Percent Speed Error

pPortion of Mean | Upper 90th
Study | Percentile
Overatl .638 4.530
Noving 164 2.230

Stationary | .959 5.886

For all of the moving clocks greater than 5 seconds in duration, the speed errors were less than + 2
mph. The mean and upper 90th percentiie tolerance limits for speed error and percent speed error for
the moving clocks greater than 5 seconds in duration are presented in Table 4.

TABLE 4 -- Mean and Upper 90th Percentile Tolerance Limits for
Moving Clocks Greater Than 5 Seconds in Duration

Dependant Mean | Upper 90th
Variasble Percentile

Speed Error | .150 1.1466
Percent

Speed Error | .232 1.893

The mean and upper 90th percentile tolerance limits for speed error and percent speed error for the
stationary clocks greater than or equal to 4 seconds in duration are presented in Table 5.

TABLE § -- Mean and Upper 90th Percentile Tolerance Limits for
Stationary Clocks Greater Than or Equal to 4
Seconds in Duration

Dependant Mean | Upper 90th

Variable Percentile

Speed Error |-.072 1.567
Percent

Speed Error |-.118 2.188

From the results presented in Tables 2 through 5, VASCAR-plus does not have an accuracy of +1
percent, but an upper 90th percentile tolerance limit (95 percent of the values are less than or equal
to this limit) of + 2 mph is achievable.

It is important to note that no one table or figure in this report can stand alone. The raw data, the
statistics, the laboratory environment, and the of ficers’ opinions of the different test conditions must
all by taken into account before any conclusions can be drawn.






1.0 BACKGROUND

There are at least two methods currently used by police officers to measure
vehicle speedL One method is to measure the time it takes a vehicle to cover a
known distance. The average speed of the vehicle is then computed using the

basic formula
Speed = Distance/Time.

Radar is another way of measuring vehicle speed. Radar is an "instantaneous"”
speed measurement device. Both systems are used extensively for speed law

enforcement by state and local police.

VASCAR-plus, manufactured by Traffic Safety Systems, is a time-distance
speed measurement device that is used by many state and local police agencies to
enforce traffic laws. VASCAR stands for Visual Average Speed Computer and
Recorder. The VASCAR-plus computer calculates an average speed using the basic
formula given above. The device allows the user to "drive in" or "dial in" a
distance (these two inpdt modes are discussed in greater detail later in this
section). The user then "times" a vehicle as it covers the distance. Knowing
the distance and the time, the device then calculates the average speed of the
vehicle. The process of timing a vehicle over a known distance is called

clocking.

Both VASCAR-plus and radar have very distinct advantages as speed
measurement devices. One advantage of VASCAR-plus is nondetectability. Radar
emits a signal that can be detected by a motorist using a radar detector. The
radar detector will warm the ﬁotorist to slow down, but the motorist can resume
his or her speed when out of the range of the radar. VASCAR-plus does not emit
a signal, therefore motorists have no warning that their speed is being
monitored. Another advantage of VASCAR-plus is the fact that it calculates
average speed. As seen in Figure 1.1, the average speed is always less than or
equal to the maximum speed of the vehicle during the distance that the speed is
measured. True average speed is equal to the maximum speed only if there is no

speed variation during the measured interval. Because it is less than or equal

1



/ peak speed

7 \_/
: \\ avg. speed

b

hypothetica! speec/time history

SPEED

Pigure 1.1 - cComparison of a Hypothetical Speed/Time History and
Average Speed \



to the maximum speed, the average speed benefits the violator. A final advantage
of VASCAR-plus is vehicle identification. The user can monitor only one vehicle

at a time, so there is no question which motorist’s speed is being measured.

The fact that VASCAR-plus can only monitor one vehicle at a time is also a
disadvantage. The user has to monitor the vehicle over the entire distance of
the clock. Therefore, if there is heavy traffic, the user can only measure the
speed of a low percentage of motorists. Radar is an "instantaneous" speed
measurement device. The radar unit emits a signal that bounces off a target and
returns to the radar. This speed measurement method is much quicker than VASCAR-
plus, so the user can measure a higher percentage of motorists’ speed in heavy
traffic. Based on the advantages of each; both VASCAR-plus and radar are used
extensively as law enforcement tools. From the results of a VASCAR user survey,
other perceived advantages of both VASCAR-plus and radar are discussed in Section
3.2.

Each VASCAR-plus unit has a red time toggle switch, a black distance toggle
switch, a red time recall button, a black distance recall button, five thumbwheel
switches, an LED display, and an odometer module that is driven by the vehicle

speedometer cable. A VASCAR-plus unit is displayed in Figure 1.2.

TRAFFIC SAFETY: SYSTEMS.

VASCAR-plus™

Figure 1.2 - VASCAR-plus Control Panel

3



When "driving in" a distance, VASCAR-plus uses the pulses produced by the
odometer module. A typical car speedometer cable turns 1000 times in a mile and
the odometer module creates 10 pulses per turn. This produces 10,000 pulses per
mile, hence the VASCAR-plus user manual claims a measurement accuracy of one ten-
thousandth of a mile, or 6.3 inches in one mile. Not every speedometer cable
turns 1000 times per mile, so each car that has a VASCAR-plus unit must be
calibrated to read the correct distance (the VASCAR-plus user manual gives a.
calibration procedure). To "drive in" the distance, the user selects two fixed
reference marks. The user then aligns the first fixed reference mark with a
reference point on his or her vehicle and switches on the black distance toggle
switch. The user then drives to the second fixed reference mark and aligns it
with the same reference point on the vehicle he or she used before. The user
then switches the black distance toggle switch off. This operation registers the
course distance into the VASCAR computer. To dial in the distance, the user

enters the known distance on the thumbwheel switches mentioned above.

VASCAR-plus can be used with the police cruiser moving or with the police
cruiser stationary. The VASCAR manual describes three moving methods, and three

stationary methods.

The three moving methods are:

A. Following - the police cruiser is following the target vehicle

B. Opposite Direction - the police cruiser and target vehicle are
approaching each other from opposite directions

C. Approaching from the Rear - the target vehicle approaches the police
cruiser from the rear

-The three stationary methods are:
A, Parking - the officer sits next to the roadway

B. Angular - the officer sits off to the side of the road and uses two
stationary reference points to clock the vehicle

C. T-Intersection - the officer starts the clock from a stationary
position, but then follows the target vehicle :



For a more detailed explanation of these methods, please see the VASCAR mamual

and the task analysis in section 3.1.

The manufacturer claims an overall speed measurement accuracy of # 1
percent. This stated accuracy was recently challenged. Theoretical
presentations have been given to support both the accuracy and the errors of the

system.

2.0 OBJECTIVE

The objective of this evaluation was to measure the accuracy of the VASCAR-
plus speed measurement device. To accomplish this, a task analysis was performed
to determine what variables should be considered in the evaluation of VASCAR.
Interviews with VASCAR trained officers were also performed to determine how
VASCAR is used by law enforcement officers. Based on the results of both the
task analysis and the personal interviews, and based on the VASCAR manual, an
experimental design was developed to ascertain how key variables affect speed
measurement accuracy. Tests were conducted and the results were statistically

analyzed.

3.0 DETERMINATION OF VASCAR USE

To determine how VASCAR is used, a task analysis was performed and
interviews witﬁ VASCAR trained officers wefe conducted. The task analysis was
conducted to determine what an officer has to perform to complete an appropriate
VASCAR clock. The task analysis also helped identify variables for evaluation,
and potential sources of error and/or distractions that may interfere with the
officer’s ability to complete a successful clock. The interviews concentrated
on how often the officers use the different VASCAR methods and on typical
distances they use to make VASCAR clocks. Other topics covered by the interviews
were types of training, opinions of VASCAR effectiveness, and the use of VASCAR
versus the use of radar. A copy of the personal interview form is in

Appendix A.



3.1 Task Analysis

Objective

To better understand how police officers use VASCAR in the field and to
obtain information for use in designing an evaluation experiment, a task analysis
was performed. Essentiall&. in a task analysis an operator’s basic tasks are
subdivided into elements so that knowledge and skill requirements, time lines,
potential errors, etc. can be examined. Clearly, such an analysis can become

quiet complex depending upon the degree of abstraction applied to the problem.

Participants

The task analysis conducted in this study was based on the observation of
four officers from the Columbus, Ohio freeway patrol, who demonstrated VASCAR use
during their normal duties. Observations were made both during the day and at
night,

Results

The officers demonstrated three of the VASCAR methods described in the

operator’s training manual. The methods demonstrated were:

Moving: Following
Approaching from the Rear

Stationary: Parking

Due to the constraints imposed by the freeway environment (i.e., limited access
divided highway with concrete center divider) the T-Intersection, Angular

Clocking and Opposite Direction methods could not be demonstrated.

The results of the task analysis are presented in Table 3.1 and in Appendix
B. The tasks involved in the stationary method are illustrated in Table 3.1.
For the analysis in Table 3.1, it was assumed that the course distance was
previously entered in the VASCAR computer by "driving it in" or "dialing it in"
using the thumbwheel switches on the VASCAR control panel. TFor stationary
methods, clocking targets involved activation of only the time toggle switch.

See Figure 1.2 for location of switches.
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The Following method and the Approaching from the Rear method are
jllustrated in Appendix B. For these two methods, the officer had to operate
both the time and the distance toggle switches. In most circumstances the time
switch was operated independently of the distance switch. The descriptions
provided in Appendix B also represent a generalized or "typical" sequence of sub-
tasks. Depending on actual conditions on the highway, e.g., target vehicle and
police cruiser speeds, course distance, availability of reference marks, etc.,

officers may use slight variations of the sequence presented.

For this task analysis, the VASCAR control/display panel was located to the
right of the officer near the center of the car, close to the height of the seat
cushion. Adjustment features on the VASCAR mounting brackets allowed each
officer some options in positioning thé device to best meet individual needs
(e.g., seat location, seated eye height, viewing angle, functional reach

envelope, etc.).

Officers used their right hand to operate the VASCAR controls, most
frequently with the thumb and index finger. For the moving methods of operation,
the officers drove the cruiser with the left hand and simultaneously operated the
VASCAR controls with the right hand. Radio communications were also performed
with the right hand, when required.

ersona nte evw A oach and Results

Objective

Personal interviews were conducted as an observational séudy to assist the
development of the courses used in the experimental study. The survey
céncentrated on how often the different VASCAR methods were used, typical course
distances used by officers, types of reference markers, and officers’ opiniomns
of VASCAR.

Participants
A sample of twenty-one officers from across the United States was contacted
for this survey. All of the officers currently use the VASCAR-plus. Six of the

officers were from local police agencies, while the remaining fifteen were from
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state police agencies. Twenty officers were trained and certified, while one was
currently going through training. The officers were selected as randomly as

possible, but the selections did not pProduce g probability sample.

Results v

The officers were asked about the type of training they received. The
amount of training each officer Teceived did vary. Not every officer could
remember how much training they had received. Of the officers that replied, most
had received at least eight hours of classroom training. The amount of
supervised and unsupervised training ranged from 12 to 160 hours. The officers
that made statements about their certification requirements mentioned the

certification test outlined in the VASCAR manual.

The distribution for how often the contacted officers use VASCAR is shown
in Figure 3.1. From this figure, over 75% of the contacted officers used VASCAR

on a daily basis.

The distribution of officers based on level of VASCAR experience is shown
in Figure 3.2. The level of experience ranged from 1 month to 18 years. The
officers were asked to rate their own VASCAR skills on a scale from 1 to 10, with
1 being a novice and 10 being an expert. Nineteen officers responded. a
distribution of the officers based on their self rating is given in Figure 3.3.
Self rated skill ranges (mean + one standard deviation) for officers with
different levels of experience are given in Figure 3.4. The ranges presented in
this graph suggest that an officer’s opinion of his or her own VASCAR skills
would tend to improve during the first ome to two years of experience, but may
level out after this period. Several officers stated that it takes a certain
amount of time to become comfortable with using VASCAR.

A distribution of officers determined by the types of roadways on which they
use VASCAR is given in Figure 3.5. From this figure, all of the contacted
officers used VASCAR on the freeway and some also used it on other types of

roadways.

12
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The mean percentage use for each of the VASCAR speed measurement methods for
both local and state police is given in Table 3.2. On average, local and state
police used each of the VASCAR methods a similar amount of the time (a t-test was
performed and the hypothesis that the two means, for each method, were similar
could not be rejected at the 5% level). Based on these comparable percentages,
the local and state police Tesponses concerning percentage use were combined as

one group.

TABLE 3.2 -- Mean Percentage Use of VASCAR Speed Measurement Methods for Local
and State Police Officers

Method Local State
Moving ..50.8 53.0
Following ‘I 30.0 30.1
Opposite Direction 3.1 3.3
Approach from Rear 17.7 19.6
Stationary 49.2 47.0
Parking 29.6 26.6
T-Intersection 0.4 5.0
Angular 19.2 15.3

After combining the local and state police responses, the mean and standard
deviation for the percentage use of each method were calculatedf The results are
Presented in Table 3.3. A range of use for each ﬁethod is given in Figure 3.6.
These ranges represent the mean + one standar@ deviation for the percent use of
each method. From this figure, the percentage use of moving and stationary
methods were very comparable. Also from this figure, Following, Approaching from
the Rear, Parking, and Angular methods were much more prevalent than Opposite
Direction and T-Intersection methods. For the Opposite Direction method, the
officers said they did not use it either because radar was better for this
method, or they worked divided highways with concrete barriers which kept them

from turning around to chase a vehicle moving in the opposite direction.

The results presented in Figure 3.7 show the distribution of officers as a
function of the VASCAR method with which they had the greatest confidence, while
the results presented in Figure 3.8 show the distribution for the VASCAR method
with which they had the least confidence. From Figure 3.7, most of the contacted

officers had the greatest confidence with either the Following or the Parking
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method. From Figure 3.8, over half of the officers had the least confidence in

the Opposite Direction method.

TABLE 3.3 -- Mean and Standard Deviation for the Percentage Use of VASCAR
Speed Measurement Methods for all Officers

Method Mean Std. Dev.
Moving 52.4 32.2
Fol lowing 30.1 3.4
Opposite Direction 3.3 6.2
Approach from Rear 19.0 23.1
Stationary 47.% 32.2
Parking 27.5 30.5
T-Intersection 3.6 6.0
Angutar . 16.5 28.0

The results presented in Figure 3.9 show the six most prevalently used
" references during daylight hours. Other references used during the day (only 1
or 2 officers responded) included a dip in the road, discarded tire treads,
trees, light poles, bridge abutments, tape, skid marks, expansion joints, and

debris along roadway.

The references used at night were limited to objects on the side of the road
like signs, mile markers, guardrails, and poles. Any object that headlights
illuminate could be used as a reference marker.

The officers were asked how often they used "dialing in the distance" vs.
"driving in the distance" for stationary clocks. -On average, the officers drove

in the distance more than twice as often as dialing in the distance.

Information concerning course lengths and viewing distances is displayed in
Figures 3.10-13. The local and state police officers are grouped together for
these figures. The values along the horizontal axis represent distance ranges
(.05 - .99 represents .05 to .99 mile) From the results presented in Figure
3.10, the shortest course distances ranged from 200 feet to one half mile. From

Figure 3.11, the longest course distances ranged from .19 miles to 4 miles. The
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longest stationary course distance was .75 miles. From Figure 3.12, the
preferred course distances ranged from 250 feet to 1.9 miles. The range of
values for the maximum viewing distance, the distance from the officer’s eye to
a reference poiﬁt, is shown in Figure 3.13. The maximum viewing distance ranged
from 200 feet to .75 miles.

The mean and median values for the four distances discussed above are listed
in Table 3.4,

TABLE 3.4 -- Mean and Median Course and Viewing Distances

(miles)
Distance Mean Median
Shortest Course .093 A
Longest Course 1.29 .75
Preferred Course .29 .25
Maximum Viewing
Distance .30 .25

The amount of time spent usin& VASCAR at night is shown in Figure 3.14.
From this figure, it appeared that officers either use VASCAR infrequently or
quite frequently at night. This was probably a function of the way police
departments operate. Some departments have fixed shifts while others have
rotating shifts. When asked whether their choice of VASCAR method was in any way
determined by day vs. night time use, thirteen of the twenty-one officers said
it was not influenced, four officers said VASCAR was easier to operate during the
day, and one officer said it was easier to operate at night. Only two officers
made comment on how it influenced their VASCAR method choice; one said he mostly
used following clocks at night, the other said angular clocking was harder to use
.at night. One officer said he preferred using it at night because he was less |

visible to violators.

When asked whether their choice of VASCAR method or references was
influenced by weather conditions, 4 officers responded that thefe was no
influence while the other officers had answers ranging from shortening their
viewing distances and only using certain methods in bad weather, to not using
VASCAR at all in the rain.
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The frequency of calibration checks of VASCAR units is shown in Figure 3.15.
All but two of the officers either calibrated or checked the calibration at least
once per day. These responses are based on each individual officer’s use. 1If
the officer only used it once a month, he or she calibrated on the day that
VASCAR was used.

A distribution of officers based on a self assessment of their speed
measurement accuracy is given in Figure 3.16. From this figure, there was a wide
range of self assessed speed measurement accuracy. When the officers were asked
whether their speed accuracy was a function of course length, target vehicle
speed, and/or VASCAR method, 1l of the 21 officers said it was course length
dependant, 4 said it depended on the target vehicle speed, and 17 said it was
dependant upon VASCAR method.

O0f the 21 officers surveyed, 12 had defended a VASCAR based speeding
citation in court. These 12 were asked how defendants or defense attorneys
attacked their VASCAR speed estimates. Seven responded that they attacked the
officers ability (human error of some sort). Only one tried to attack the VASCAR
device itself. Other responses to this question were not directly attributable
to VASCAR.

When asked what the strengths of VASCAR were, the most common responses
were: that VASCAR is accurate, that the officer has a high degree'of confidence
in which vehicle he or she is clocking, that VASCAR is better for use in high
volumes of traffic than radar, and that the calculation of average speed gives
the benefit of doubt to the motorist. The number of officers that gave each of

the above responses is shown in Figure‘3.17.

When asked what the weakness of VASCAR were, the most common responses were: the
time it took to set up or to use (6 officers) and the potential for human errors
(5 officers). Other cited weaknesses (1 or 2 officers) included the length of
training, the inability to use without references, the inability to use certain
methods under certain conditions, the greater requirements for the operator when

compared to radar, and the cost of the VASCAR units.
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When asked if they had ever experienced a failure in their VASCAR equipment,
8 of the 21 officers responded ‘yes'. The failures included shorts in the wiring
from the car battery to the VASCAR unit, the VASCAR computer going out, the
odometer module breaking, and a lost speed upon fast acceleration (a single
officer stated this happened to him one time). No officer stated they had an
érroneous speed due to the VASCAR unit itself. Their VASCAR units either gave

the correct speed or did not give a speed at all,

All 21 of the surveyed officers also used radar to establish vehicle speeds.
The officers were asked "Under what circumstances is VASCAR preferred over
radar?”", and "Under what circumstances is radar preferred over VASCAR?". The

mOSt common responses to these questions are given in Figures 3.18 and 3.19.

The officers were given the statement "It's been said that some officers
prefer not to use VASCAR. Why do you think some officers avoid the use of
VASCAR?". Some of the officers thought that the training time and the time to
set-up certain courses might keep certain officers from wanting to use it. Some
of the officers thought if the officer had not spent enough time using VASCAR,
he or she might not be familiar enough with it's operation to feel comfortable
using it. Some officers stated that an officer’s lack of confidence in his or

her own ability might be a reason why they may avoid using VASCAR.

fo close the survey, the officers were asked if all their opinions on VASCAR
had been stated. Most of the officers had favorable things to say about VASCAR.
Some officers said they enjoyed having both VASCAR and radar and think they make
a4 good team. Others went as far as saying they would prefer to have VASCAR over
radar. The only negative statements made were that radar was easier to use and-
one officer stated that he wished the distance and time inputs were buttons

instead of switches.

4.0 EXPERTMENTAL DESIGN AND PROCEDURE
s DRI ISN2AL DESIGN AND PROCEDURE

Objectives

1. Determine accuracy of VASCAR-plus timing mechanisrm.
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2. Determine distance measurement accuracy of VASCAR-plus odometer

module.
3. Determine speed measurement accuracy for several VASCAR-plus
methods.
4. e ental Desi of VASCAR Time and Distance Measurements

VASCAR Timing

According to the manufacturer, VASCAR-plus collects data every 36
milliseconds (i.e., a 36 millisecond resolution). Since this is the case, the
VASCAR-plus stored time is in milliseconds (1/1000 of a second). VASCAR-plus
displays the stored time to 1/100 of a second. To properly assess the accuracy
of the VASCAR timing mechanism, the stored time to 1/1000 of a second must be

determined.

To determine the stored time to 1/1000 of a second, the manufacturer says
to first divide the displayed time by .036 (or 36 milliseconds). This number is
then rounded to the next highest integer. This integer value is then multiplied

by .036. The resulting value is the stored time. As an example:

VASCAR Displayed Time = 4.60

To get the number of 36 msec time increments, divide the displayed
time by .036 and then round to the next highest integer.

4.60/.036 = 127.77
Number of .036 msec time increments =~ 128
To get the VASCAR stored time, multiply this number by .036.

VASCAR Stored Time = 128 x .036 = 4,608

To determine the validity of the manufacturer’s method for determining the
stored time, bench tests were performed in which VASCAR displayed speeds were
compared to speeds calculated using the VASCAR displayed time and to speeds
calculated using the VASCAR "stored” time. If the VASCAR displaved speeds match

the speeds calculated using the VASCAR "stored” times, then the manufacturer’s
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method for determining the stored time would be considered valid. For these
bench tests, a .2500 mile distance was entered on the VASCAR thumbwheels. Then,
the VASCAR time switch was toggled to produce times ranging from approximately
3 to 4.5 seconds. These times produced speeds large enough to show the
differences between speeds calculated using the VASCAR displayed time and speeds
calculated using the VASCAR stored time.

After these tests were completed, additional bench tests were conducted to
determine the accuracy of the VASCAR timing device. Two VASCAR units and a
Nicolet oscilloscope were simultaneously triggered using two trip switches. The
Nicolet oscilloscope’s sample rate was set to 1 msec. A total of 58 tests were

performed with times ranging from approximately 1 to 4 seconds.
Time error was used to judge the accuracy of the VASCAR-plus timing device:
Time Error = VASCAR time - True Time

VASCAR Distance

Tests were pérformed to determine the accuracy of VASCAR distance
measurements. Some human error was involved in these tests because vehicle
position at each reference mark is estimated by the user. The human error was
minimized by having the operators line the vehicle up with reference markers at
the béginning and the end of the course. Six subjects barticipated in this
study. Course distances of 200 feet, .1 mile, and .5 mile were each measured 4

times by the subjects.

Distance error was used to judge the accuracy of VASCAR distance

measurements:

Distance Error = VASCAR distance - True Distance
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4.2 Variables

Based on the results of the personal interviews and the task analysis, the
following were identified as potential variables affecting the accuracy of VASCAR
speed measurement:

VASCAR method

Target vehicle speed

Course distance

Type of reference marker

Distance of the eye to the course or reference marker
Gap distance - distance between two moving vehicles
Visual method (direct vs. indirect-through use of mirror)
Officer vehicle elevation

Officer differences

Repetition effect - variation from successive trials
Replication effect - variation from different days
Weather conditions

Day vs. night use

To investigate the effects of some of these variables, six studies were
designed. The six studies were moving, night moving, bridge, parking, angular,
and reference marker alignment. Each study focused on one or more of variables
listed above. Subject differences were examined in all the studies. Replication
of a set of test conditions occurs when the test conditions are repeated in a mew
randomized order, after a period of time has passed. For the testing conducted
in this study, replicates were generally separated by a 24 hour period. Due to
time constraints and weather conditions, sometimes 2 repl&cates were performed
on the same day. The replicates were separated by & 4 hour period. Replication
effects were examined in-all of the studies except the bridge study. Replication

effects inciude the possibility of learning and/or fatigue.
4.3 erimental Design and Setup of VASCAR Speed Measurements

In all of the studies mentioned below, the nominal speed represented a speed
range. For subjects 1 through 4, the speed range was the nominal speed + 2 mph;
for subjects 5 through 8, the speed range was the nominal speed + 7 mph. These
different speed ranges occurred due to concern that the earlier subjects may have

known the target vehicle speed (due to repetition) before the clock was finished.
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Differences in the results between the two groups are discussed in the test

results section of this report.

Another study compared the effect of blind (VASCAR display covered) and
normal (display unéovered) speed measurements. This study was not considered to
be an appropriate test of VASCAR. The results of the task analysis showed that
the displayed speed is compared with the initial speed judgement mace by the
officer. If the display is hidden, the subject is not able to make this

comparison. The results of this study are presented in Appendix C.

In all of the following studies, speed error was used to judge the accuracy

of VASCAR speed measurements:
Speed Error = VASCAR speed - True Speed

Moving Study

Variables

A. Two VASCAR methods: Following and Approaching from the Rear

B. Course distance at two levels: .1 and .3 mile (528 and 1584
feet).

C. Target vehicle speed at three levels: 45, 60, and 80 mph.

This variable 1list and number of levels resulted in a 2 x 2 x 3 full
factorial design, resulting in 12 combinations of conditions. As with all the

studies, it was intended that each officer replicate this study four times.

Under ideal conditions it would be best to randomly present the 12
conditions to the officers. Due to the time it takes to set up the different
conditions, this was not practical. For this study, a course distance was first
randomly selected, then each combination of VASCAR method and speed was randoamly
selected. The VASCAR method was not completely randomized for each officer. For
efficiency, one officer was performing a Following clock, while the other was
performing an Approaching from the Rear clock. An example of the order of trials

for this study and the other studies is in Appendix D.
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The test configuration is detailed in Figure 4.1. In Figure 4.1, and the
figures that follow, T is the target vehicle, S; is subject 1, and S, is subject
2. 1In Figure 4.1, subject 1 is performing a Following clock while subject 2 is
performing an Approaching from the Rear clock in an adjacent lane. Subject 2
uses the side or rear view mirror, depending on the gap distance between

vehicles, to maintain visual contact with the target vehicle.

Night Moving Study

Variables

A. Target vehicle speed at three levels: 45, 60, and 80 mph

All other variables were held constant. The course distance was .3 mile and
the VASCAR Following method was used. These values were chosen to allow a direct
comparison between day and night time conditions. Each subject was randomly

given each of the speed conditions twice.

The test configuration for the night moving study is detailed in Figure 4.2.
The only differences between following clocks in the moving study and the clocks
in the night moving study was the light condition and the reference marker. 1Im
the moving study, the subject generally used the photocell reflector plate (see
section 4.4) as the reference marker. In the night moving study, the subjects
used the target vehicle headlights reflecting off the white pole (Figures 4.1 and
4.2).

Bridge Study

Variables

A. Target vehicle speed at two levels: 60 and 80 mph.
B. Vascar method at two levels: Following and Parking.

Cl. For the Following clocks - two gap distances: 25C feet and 1/8
mile :
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C2. For the Parking clocks - two viewing methods: direct and indirect

(mirror)

This variable list and number of levels gave 8 combinations of conditions.

The course distance was held constant at .3 mile (1584 feet).

These conditions were presented as randomly as possible. There was only one
constraint on the randomization; while one officer was performing a Following
clock, the other officer was performing a Parking clock. Figure 4.3 contains

details of the test conditions.

For the Foilowing clocks, two gap.distances were chosen to study the effect
of viewing distance. The shorter gap distance was the same as the gap distance
in the moving study. This allowed a direct comparison between the "bridge"

shadow and the photocell reflector plate reference markers.

The "bridge shadow"” used in this study was not a real bridge shadow. To
simulate a bridge shadow, tarps were placed on one side of 4’ x 6' x 8' sections
of scaffolding. The shadow cast by each section of scaffolding was 6’ wide. For
subjects 1 and 2 there was only one section of scaffolding at each end of the
course. For subjects 3 through 6 there were two sections of scafiolding;
therefore, the bridge shadow was: twice as wide. . The shadow was widened because

subjects 1 and 2 felt it was unrealistically narrow,
Parking Study

Variables

A. Target vehicle speed at two levels: 60 and 80 mph.

B. Course distance at two levels: 200 feet and .1 mile (528 feet).

This variable list and number of levels gave a 2 x 2 full factorial design
resulting in 4 combinations of conditions. The test conditions are detailed in
Figure 4.4. As seen in Figure 4.4, this study also used a "bridge" shadow. This

bridge shadow was the same bridge shadow used in the bridge studv.
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For this study, the subjects were first randomly assigned a course distance.
The target vehicle then drove by twice at the selected speed levels. The order
of presentation of the two vehicle speeds was random. The subjects then switched

positions and again the target vehicle drove by at the two speed levels.
Angular Study

Variables

A. Target vehicle speed at three levels: 45, 60, and 80 mph.

B. Course distance at two levels: 200 feet and .l mile (528 feet).
C. Viewing distance at two levels: 200 feet and .1 mile (528 feet).
D. Elevation at two levels: ground level and elevated (12 feet).

This variable list and number of levels gave a 3 x 2 X 2 X 2 full factorial
design resulting in 24 combinations of conditions. Figure 4.5 contains details

of the test conditioms.

The officers were first randomly assigned a viewing distance. They were
then randomly assigned an elevation level; one officer on the ground and the
other elevated 12 feet. A course distance was randomly selected, thnen the three
target vehicle speeds were randomly presented to the officers. The course
distance was then changed, and again the three speeds were randomly presented.
The officers then switched elevation levels and repeated the process. The

officers then changed viewing distances and again repeated the process.
Reference Marker Alignment Study

This study arose due to subjects’ 3 - 6 concerns with the angular study.
In the angular study, the white pole was not placed in the subjects’ line of
sight for the 200 foot course distance. The officers said they would not set up
a course like this. In this study, the 200 foot viewing distance, 200 foot
course distance, gnd ground level conditions of the angular study were repeated,

except for the location of the white pole. In the angular study the white pole
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was in line with the photocell reflector plate, while in the reference marker
alignment study the white pole was in the subjects’ line of sight (Figures 4.5
and 4.6).

Variables
A. Target vehicle speed at three levels: 45, 60, and 80 mph.
For this study the viewing distance and the course distance were both held
fixed at 200 feet. The officer was at ground level. The details of this study
are shown in Figure 4.6. The three target vehicle speeds were randomly presented

to the officers.

This study allowed a direct comparison between having the pole aligned and

not aligned for subjects 7 and 8.

4.4 Experimental Protocol for Speed Measurement Studies

The experimental protocol consisted of three steps:

1. Give instructions to the subjects
2. ' Conduct the experimental studies detailed in the previous section
3. Debrief the subjects at the conclusion of all testing

Subject Instructions

Before any testing was conducted, the subjects were given a statement
concerning the testing procedure and protocol. A copy of this statement is given
in Appendix E. The testing procedure &nd pProtocol statement informed the
subjects of the types of clocks they would be making, the risk involved in
operating a vehicle at high speeds, the purpose of the study, and their right to
discontinue the testing at any time. The subjects were not given details of the

particular testing scenarios before testing was conducted.
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Experimental Run

Immediately prior to conducting each experimental session, the subjects were
shown the particular course configuration. They were allowed 2 to 3 practice
runs to warm up, then testing began. Prior to any moving tests, the subjects
calibrated their VASCAR-plus units. In the stationary studies, the subjects were
told the course distance to "dial in". At no time were the officers told the
speed of the target vehicle. The subject’s speed, time, and distance estimates
were recorded by a data collector that rode in the vehicle with each officer.
In some of the moving tests, the officers were told when the target vehicle would
be "above highway speeds" (80 mph nominal speed). This was done due to the short
distance available to get the vehicles up to the desired speed. The subjects
were not given any results of their perfSrmance until weeks after the testing was

completed.

It is important to note that in these studies, it was not possible to
exactly duplicate real world conditions. The task analysis stated several
limiting factors that did not occur during the testing. Other vehicles obscuring
objects and radio chatter were two of the limicting factors. The subjects did
have to communicate with the control tower and other vehicles by radio, but this
communication was probably less than what is heard by an on duty officer. It is
also important to note that depth cues, like other vehicles and objects adjacent
to the course, were not available in this study, but are available in the real
world. Such cues help officers anticipate the arrival of a target vehicle at a
reference mark. This permits compensation for reaction time delay.

Measurement of True Speed

While the subjects measured speed with VASCAR-plus, the target vehicle true
speed was measured using a SUNX RS-120H photocell. The photocell was mounted to
the front of the vehicle. The photocell triggered on two reflector plates which
were placed at the beginning and end of the course. The photocell signal was
monitored by ap RTI-815 analog acquisition board. The acquisition board had a
5 megahertz quartz crystal. The sample frequency was scaled to 1000 hertz (1

millisecond resolution). An onboard computer éollected and stored the signai.
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A computer software program used the stored signal to determine the true time.
Since all of the clocks were made on courses with known distances, the computer
software program calculated the true speed by dividing the known course distance

by the true time.

The photocell system timing accuracy was measured by comparing it to the
timing of a Nicolet oscilloscope with electronic trip switches. The photocell
system was found to be as accurate as the oscilloscope system. Appendix F

contains a comparison of the two systems.
Subject Debriefing

After the testing was completed: the subjects were debriefed. Except for
subjects 1 and 2, the subjects were debriefed separately. During the debriefing
the subjects were asked questions concerned with any problems they may have
encountered, the realism of the study, and the confidence they had in their
VASCAR speed estimates. A sample debriefing guide and the results of the
debriefings are in Appendix G. Some of these results are presented in Chaptér
5.

4.5 Subjects

Two subjects from each of the following departments participated in this

study:

1 Columbus Police Department - Columbus, Ohio

2 Arizona Department of Public Safety - Highway Patrol Bureau
3. Indiana State Police Department
4

Wisconsin State Patrol .

Each .set of subjects had one subject with a low level of VASCAR experience
(< 1.5 years) and one subject with a high level of VASCAR experience (> 7 years).
All of the subjects were VASCAR certified, meaning theyv have passed their

departments requirements for operating VASCAR. Selected subject characteristics
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and individual subject percentage use and typical course distances for each

VASCAR method are in Appendix H.

The subjects that participated in each speed measurement study are shown in
Table 4.1. All of the subjects did not participate in each of the studies
primarily due to weather conditions and due to changes in testing conditionms.
Weather conditions only affected the studies that required a bridge shadow. When
the sun was not shining, the simulated bridge shadow testing could not be
performed. There was a wide range of weather conditions for the other studies:

The weather conditions included sun, clouds, rain, and snow flurries.

TABLE 4.1 -- Subjects that Participated in Each Study

Study Subjects that Participated
Moving 1- 8
Night Moving 3-8
Bridge 1 - 6
Parking 3- 6
Angular 3-8 )
Align 7& 8 !

5.0 EXPERIMENTAL RESULTS

Several statistical terms are used to present the results. The folilowing

definitions will aid in understanding the results:

Mean - the average; the arithmetic sum of all values being considered,
divided by the total number of values in the data set.

Y

Variance - is a measure of the variability of the data set; a formula for
the variance is given in Appendix E.

Standard Deviation - the square root of the variance: it is also a measure
of the variability of the data set.

Type 1 Error - falsely concluding that something is an effect (the
alternative hypothesis) when it is not. :
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P - the probability of committing a Type I error; p < 0.05 is used to
determine if a variable is a statistically significant effect; 0.05 < P <
1.0 is used as a range for nearly significant effects.

Two Sided Upper 90th Percentile Tolerance Limit with 95 Percent Confidence
- 95 percent of the population is less than or equal to this limit with 95
percent confidence.

Two Sided Lower 90th Percentile Tolerance Limit with 95 Percent Confidence
- 95 percent of the populations is greater than or equal to this limit with
95 percent confidence.

The.upper 90th percentile tolerance limit with 95 percent confidence (upper
90th percentile tolerance limit) is used when assessing speed measurement errors.
Ninety-five percent of the speed errors will be less than or equal to this limit.
The upper 90th percentile tolerance limit is used because it represents the speed
error that overestimates the true speed (biased against the violator). The lower
90th percentile tolerance limit represents the error that underestimates the true

speed (biased for the violator).

The lower 90th percentile tolerance limit is used when assessing time
measurement errors. This limit is used because it results in the largest speed
errors. The VASCAR timing device produces negative timing errors. Negative
timing errors produce estimates of vehicle speed that are higher than the true
speed. The largest negative timing errors (lower 90th percentile) produce the
largest speed errors that are biased against the violator. Figures 5.1.a and
5.1.b show respectively the locations of the upper and lower 90th percentile
tolerance limits for a normal distribution. The shaded region in these figures
represents 95 percent of the population. -.

To calculate a tolerance limit, two conditions must be mer.

1. All assignable causes of variability must be detected and
eliminated so the remaining variability may be considered random.

2. Certain assumptions must be made concerning the nature of the

statistical population under study - for this study a normal
distribution is assumed.
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Definitions for other statistical terms are in Appendix I. All of the raw
data and statistical results are also in Appendix 1I. For more thorough

statistical definitions, see {1)

In this analysis the variable p is used to determine statistical
significance. Also, a .5 mph difference in the upper 20th percentile tolerance

limit is used to determine practical significance.

A second statistical analysis can be found in Appendix J. This analysis

considers the lack of complete randomization for the experiment.

5.1 Experimental Results of VASCAR Time and Distance Measurements

VASCAR Timing

The first series of bench tests was performed to verify that the VASCAR
stored time can be retrieved from the displayed time. The stored time was
calculated as described in Section 4.1. A comparison of VASCAR displayed speed,
speed calculated using VASCAR displayed time, and speed calculated using VASCAR

stored time is shown in Table 5.1

TABLE 5.1 -- Comparison VASCAR Displayed Speed and Speed Calculated
Using VASCAR Displayed and Stored Times

—
Speed Calcutated Using l
Displayed Stored | Displayed Displayed Storegd !
Time Time Speed Time Time
(sec) (sec) (mph) (mph) (mph)
3.3 3.348 268.8 269.46 268.82
3.31 3.312 an.z 271.90 271.73
3.70 3.708 262.7 243.24 262.72
4£.82 4.824 186.5 186.72 186.57
3.16 3.168 284.0 284 .81 284.0%
3.45 3.456 260.4 260.87 260.41%
3.78 3.78 2338.0 238.09 238.0%
3.09 3.09 290.6 291.26 290.69
4.64 4.644 193.7 193.96 193.7%
3.8t 3.816 235.8 236.22 235.84
4.42 4.428 203.2 203.62 203.25
1 Ostle, B., "Statistics in Research," 2nd Edition, The Iowa State

University Press, 1963.
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As seen in Table 5.1, the speed calculated using the stored time agreed with
the VASCAR displayed speed, while the speed using the displayed time did not.
This suggests that the function given in Section 4.1 to calculate the stored time
is correct. Since this is the case, the stored time was used to determine the

VASCAR timing errors.

A second series of bench tests was performed to determine VASCAR timing
errors. Two VASCAR units were tested. The mean and variance for timing errors
for each unit were found to be the same. The mean and the lower 90th percentile
tolerance limit for timing error are listed in Table 5.2. Using the value for
the lower 90th percentile tolerance limit for timing error, percent speed errors
for different speeds and course distances were calculated and are plotted inm
Figure 5.2. These speed errors were due only to potential VASCAR timing errors.
No distance measurement error or human error is jncluded for the errors in Figure
5 2. From section 3.3, the mean value for preferred course distance was .3 mile.
The potential percent speed errors due to the timing mechanism for this course

distance are below .5 %.

TABLE 5.2 -- VASCAR Timing Errors

Descriptive | Time
Statistic Error
: (sec)
Mean -.0223
Lower 90th
Percentile -.0422

VASCAR Distance

The following variables were studied to see if they had an effect on VASCAR

distance measurements:

Course Distance
Subject

Course distance was the only variable found to be significant. The upper -
90th percentile tolerance limits for distance errors are plotted in Figure 5.3,

The results presented Figure 5.3 show that the tolerance limits for distance
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error tended to increase as distance increased. The upper 90th percentile
tolerance limit for percent distance error is plotted in Figure 5.4. The results
presented in this figure show that the tolerance limit for percent distance error
tended to decrease as distance increased. The tolerance limits presented in
these figures show that VASCAR does not have a distance measurement accuracy of
6.3 inches in one mile, as stated by the manufacturer, but the distance

measurement error is well below .5 percent.

5.2 Experimental Results of VASCAR Speed Measurements

Moving Study

The following variables were investigated in the moving study to see if they

had a significant effect on the moving'clocks:

Group - Subjects grouped by nominal speed presentation
ranges (+ 2 or + 7 mph)

Course Distance

Nominal Speed

VASCAR Method

Subject Number

Replications

Eight subjects participated in this study. Each subject replicated the

different test conditions four times. This resulted in a total of 384 trials.

An analysis of variance indicated the following variables and interactions

between variables were statistically significant (p < 0.05):

Course Distance

VASCAR Method

Subject Number ,

Interaction of Course Distance with VASCAR Method
Interaction of Nominal Speed with VASCAR Method

Interaction of Course Distance with Nominal Speed with VASCAR
Method

The fact that subject effects were significant in the moving study is not
that surprising. This illustrates the variability between subjects often

observed in human factors experiments.
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A components of variance analysis was performed for this study. The results
are presented in Figure 5.5. The differences in subjects accounted for only 3
percent of the variance. There was no replication effect observed. This

suggests that little learning or fatigue occurred during the study.

Group (speed range presentation) was not a statistically significant effect.
The mean and standard deviation for speed error for each group are Presented in
Table 5.3.

TABLE 5.3 -- Mean and Standard beviation for Speed Error for (mph)
the Moving Study - Grouped by Nominal Speed Range

Speed Error
Speed | Subject -
Range | Nunbers Mean Std. Dev.

22 1 1.4 | o090 866

7 5-8 .034 .880

Since VASCAR method and several interactions involving VASCAR method were
statistically significant, another analysis was performed on the data after it
was separated by VASCAR method. For Following clocks, the following variables
and interactions between variables were found to be statistically significant (p

< 0.05):

Subject Number

Course Distance

Nominal Speed

Interaction of Course Distance with Nominal Speed

The only statistically significant variable tor Approaching from the Rear

clocks was:

Nominal Speed

Upper 90th percentile tolerance limits for speed error were calculated for
each combination of VASCAR method, course distance, and nominal speed. These
values are graphically presented in Figure 5.6. These values anc values for the
meéan, variance, mean square error, and observed 95th and 99+h percentile speed

€Irors are tabulated in Appendix I.
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From Figure 5.6, the upper 90th percentile tolerance limits increased as the
speed increased and decreased as course distance increased. The tolerance limits
for the Following method were slightly lower than those for the Approaching from
the Rear method at 45 and 60 mph (.126 to .319 mph lower), but were slightly
higher at 80 mph (.205 to .351 mph higher). Since the tolerance limits for
Following and Approaching from the Rear are within .5 mph of each other, there
was no practical difference between the two VASCAR methods .

The speed error for each clock in this study is plotted as function of the
clock duration in Figure 5.7. 1In Figure 5.7, all the clocks that were greater
than 5 seconds in duration had less than a + 2 mph speed error. This figure

clearly shows that speed errors decrease as the time in the course increases.

The subjects were asked to indicate the realism of each aspect of the study
on scale from 1 to 5, 1 being not at all realistic and 5 being very realistic.
The range of values and mean values are presented in Table 5.4. On average, the
officers felt the .3 mile long clocks were more realistic than the .1 mile

clocks.

LY

TABLE 5.4 -- Range and Mean Values for Subject
Rating of Realism for the Moving Study

Conditions Range Mean .
Following, .1 mile 2-5 3.25
Following, .3 mile 3.5-51] 4.5
Approach from Rear, .1 mile 2-5 3.88
Approach from Rear, .3 mile 3-5 4.50

When asked what parts of the.study were not realistic, one subject stated
that the Approaching from the Rear_clocks were less difficult than the Following
clocks because it was easier. to anticipate the target vehicle crossing the
reflector plate when it was Approaching from the Rear. Referring to Figure 4.1,
the subject following the target vehicle (S;) had to react to the plate coming
underneath the target vehicle. The subject in front of the target vehicle (S,)
could maintain visual contact with the reflector plate until the target vehicle
passed it. This subject thought the Approaching from the Rear clock was more of

an anticipation to the target vehicle crossing the reflector plate, and the
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Following clock was more of a reaction to the reflector plate appearing ffom
underneath the target vehicle. At 80 mph, the subjects had less time available
to detect the reflector plate and to estimate when the time switch should be
turned on and off. This may explain why the upper 90th percentile tolerance
limits at 80 mph were lower for the Approaching from the Rear method than those

for the Following method.

When asked how they would re-design the study, several officers stated they
would improve the reference markers. Instead of using the reflector plate, they
would have preferred a line going all the way across the lane of traffic. They
thought this would be more realistic and would produce an anticipation of the
target vehicle crossing the reference marker instead of a reaction to the
reference marker appearing from underneath the car. In the real world, reference
markers like tar marks, pavement changes, and expansion joints do run all the way

across the road.

Based on their own intuition, the subjects were asked to rank the different
types of clocks from the most accurate to the least accurate. All of the
subjects felt the .3 mile clocks would be mare accusate than the .1 mile clocks.
Seven of the eight subjects felt the Following clocks would be more accurate than
the Approaching from the Rear clocks. A complete list of the subjects' ratings

is in Appendix G.
Night Moving Study

As with the moving study, all of the subjects results were grouped together
for the statistical analysis. The following variables were examined in the night

moving study:

Subject Number

Nominal Speed

Light Condition - using .3 mile long Following clocks
from moving study as a comparison

Six subjects participated in this study. Each subject repeated each test

condition twice. This resulted in a total of 36 trials.
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The following interaction between variables was found to be statistiecally

significant (p £ 0.05):
Interaction of Light Condition with Nominal Speed

Upper 90th percentile speed errors were calculated for each nominal speed
for both day and night time conditions. These values are graphically presented
in Figure 5.8. From Figure 5.8, the upper 90th percentile speed error increased
as speed increased for both day and night light conditions. The night moving
clocks upper 90th percentile speed errors were all less than .35 mph different
than the comparable day time clocks. This suggests that there was no practical

difference between day and night time Following clocks.

The speed error for each clock in this study is plotted as a function clock
duration in Figure 5.9. All of the clocks in this study had errors between +2

mph.

The subjects were asked to judge the realism of the night moving study. All
of the subjects that participated said this study was very realistic. They each
rated this study as a 5 on a scale 1 to 5. The subjects did not suggest any

improvements for this study.
Bridge Study - Moving Portion

The following variables were investigated in the moving portion of the

bridge study:

Subject Number
Nominal Speed
Gap Distance

Six subjects participated in this study. Four subjects either repeated or
replicated each test condition twice, while the other two replicated each test

condition three times. This resulted in a total of 56 trials.
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The following interaction between variables was found to be significant (p
< 0.05): '

Interaction of Subject Number with Nominal Speed

The interaction between Subject Number with Nominal Speed was also
significant for the Following clocks in the moving study. Gap distance was not
a statistically significant variable. This suggests that as long as the subject
could see the bridge shadow cross the vehicle, the gap distance between the

vehicles did not influence the accuracy of the VASCAR clock.

Speed error is plotted as a function of clock duration in Figure 5.10. All

of the clocks in this study had errors between + 2 mph.

The subjects’ rankings of the realism of this study are in Table 5.5. The
first set of rankings are for subjects 1 and 2 while the second set are for
subjects 3 - 6. As stated in Chapter 4, subjects 1 and 2 had bridge shadows that
were only half as wide as those for subjects 3 - 6. Subjects 3 - 6 ranking of
the moving portion of the study was much higher than subjects 1 and 2, which
suggests that the double width of bridge shadow significantly increased the

realism of the moving portion of the bridge study.

TABLE 5.5 -- Range and Mean Values for Subject
Rating of the Realism for the Moving
Portion of the Bridge Study

Conditions RangeT; Mean |

Subject 1 and 2 | i

short Gap Distance ! 1 1.00 -
Long Gap Distance 1 1.0C

Subjects 3 - 6
Short Gap Distance | 2 - 5 | 4.25
Long Gap Distance 4 -514.75

Most of the subjects comments on the bridge study were concerned with the
stationary portion. The only comments concerning the moving portion of the study
was the size of the bridge shadow. They felt it should have been longer and

wider.
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The subjects generally gave similar rankings for the accuracy of these
clocks as they gave for the .3 mile following clock of the moving study. Most
of the subjects felt there was little difference between the two gap distances.

Only one subject (subject 5) did not rank the two gap distances consecutively.

Bridge Study - Stationary Portion
The following variables were examined in the stationary portion of the

bridge study:

Subjects
Nominal Speed
Viewing Method - Direct vs. Indirect (mirrors)

The stationary portion of the bridge study had the same number of trials as

the moving portion (56 trials).

The following variables and interactions between variables were found to be

statistically significant (p £ 0.05):

Subject Number

Nominal Speed

Interaction of Subject Number with Viewing Method
Interaction of Subject Number with Nominal Speed

Interaction of Subject Number with Viewing Method with Nominal
Speed

The variable viewing method was not found to be statistically significant,
but several interactions between variables with viewing method were. The upper
90th percentile tolerance limit for each combination of viewing method and
nominal speed is presented in Figure 5.11. The upper 90th percentile tolerance
limits for the indirect vision method were slightly higher than those for the
direct vision method (less than .41 mph higher). This suggests that there is ro
practical difference for the interagtion between nominal speed with viewing
method. 2z

Speed error is plotted as a function of clock duration in Figure 5.12.
There was one outlier in the data that is marked in this figure. This outlier

was probably due to a secondary shadow. During certain par:s of the day, the
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test center control tower would cast a shadow across the course of the target
vehicle. This shadow occurred before the first bridge shadow (see Figure 5.13).
The subjects had trouble distinguishing between the two shadows. They would
start their clocks using the shadow from the control tower only to realize they
had started early. Most of the time this was caught. The clock marked as an
outlier in Figure 5.12 was the only one that was not. This dutlier was not used
in calculating the tolerance limits, nor was it used to determine what variables

were significant.

The subjects’ ranking of the realism of this portion of the bridge study are
in Table 5.6. As with the moving portion, the first set of rankings is for

subjects 1 and 2, while the second set is for subjects 3 - 6.

TABLE 5.6 -- Range and Mean Values for Subject
Rating of the Realism for the
Stationarv Portion of the Bridge Study

Conditions Range | Mean
Subject 1 and 2
Direct Vision 1 1.00
Indirect vision 1 1.00
Subjects 3 - & .
Direct Vision 2-31]2.25

Indirect Vision 2 -3} 2.25

The double width of the bridge shadow did nbt increase the subjects ranking
of the realism of this portion of the study as much as in the moving portion of
the study. The subjects had vVery strong comments concerning this portion of the
bridée study. They felt the bridge shadows were much to small. The shadow at
the beginning of the course was not visible. They said they were reacting to the
shadow crossing the vehicle instead of anticipating the vehicle passing through
the shadow. This would explain why most of the clocks had positive speed errors.
(see Figure 5.12) Since the subjects were reacting to the first bridge shadow,
the time of their clocks were likely less than the true time. This shorter time

produced a higher estimated speed.
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There were several suggestions for improvement of this study. Widening the
shadow, elevating the subject, and using a vehicle in front of the target vehicle
were suggested as possible ways to produce a test condition that allows more

anticipation instead of reaction.

All of the subjects thought their direct vision clocks were more accurate
than the indirect vision clocks, but each subject ranked them consecutively among
all the different types of clocks performed in this study. This suggests they

did not think there was a large difference in the accuracy of the two methods.

Parking Study

The following variables were studied in the parking study:

Subject Number
Nominal Speed
Course Distance
Replications

Four subjects participated in this study. Each subject replicated the test
conditions three times. This resulted in a total of 48 trials.
The only statistically significant variable (p < 0.05) was:
Subject Number

Only one interaction between variables was found to be nearly significant
(0.05 £1.0):

Interaction of Course Distance with Nominal Speed (p = 0.07)

The upper 90th percentile tolerance limit for each combination of course
distance and nominal speed is plotted in Figure 5.14. The upper 90th percentile
tolerance limits increased as speed increased and decreased as course length
increased. The tolerance limits for the 200 foot course were 1.9 to 2.3 mph

higher than those for the 1/10 mile (528 foot) course.

Speed error is plotted as a function of clock duration in Figure 5.15. As

seen in this figure, there were very few clocks made in this study. This was
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primarily due to weather conditions. Sunny days were required to produce the
bridge shadow used as a reference marker in this study. Because of the small
number of trials in this study, some caution is advised when interpreting the

results.

The subjects’ strongest suggestion for improvement of this study was the
elimination of the 200 foot clocks. They felt this distance was too short to
produce an accurate clock. They also thought a larger bridge shadow would

improve the accuracy of the clocks.

The subjects ranked the accuracy of the 200 foot course distance much lower

than the 1/10 mile course distance.

Angular Study

The following variables were investigated in the angular study:

Group - Subjects grouped by nominal speed presentation
ranges (+ 2 or + 7 mph)

Subject Number

Replication

Viewing Distance

Elevation

Course Distance

Nominal Speed

Six subjects participated in this study. Each subject replicated the

different test conditions four times. This resulted in a total of 576 trials.

The following variables and interactions between variables were found to be

statistically significant (p £ 0.05):

Subject Number

Viewing Distance

Course Distance

Interaction of Group with Viewing Distance

lnteraction of Group with Course Distance

Interaction of Viewing Distance with Course Distance
Interaction of Course Distance with Nominal Speed
Interaction of Group with Viewing Distance with Course
Distance
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The following interaction between variables was found to be nearly

significant (0.05 < p < 1.0):

Interaction of Viewing Distance with Elevation with Course
Distance (p = 0.08)

A components of variance analysis was performed for this study. The results
are presented in Figure 5.16. The differences in subjects accounted for 23
percent of the variance. This number may be artificially high due to the
differences between the two nominal speed range groups (these differences are
discussed further later in this section). As with the moving study, replication
was not an effect. This suggests that neither learning nor fatigue occurred

during the study.

Since the alignment of the pole was different for the two course distances
(please see Figure 4.5), and because course distance was statistically
significant by itself and in combination with other variables, a statistical

analysis was performed on each course distance.

For the 528 foot course length, the following variables and interactions

between variables were found to be statistically significant (p < 0.05):

Subject Number

Viewing Distance

Nominal Speed

Interaction of Group with Viewing Distance with Elevation

A components of variance analysis was performed for the 528 foot clocks and

is presented in Figure 5.17. For these clocks, replication was not significant.

Although the interaction of group with viewing distance with elevation may
be statistically significant, from a practical standpoint these differences were
very small. The mean speed error for each combination of elevaction and viewing
distance for the + 2 mph speed range group is plotted in Figure 5.18.a. The same
mean speed errors for the + 7 mph speed range group are displayed in Figure

5.18.b. There was only a .4 mph range for all of the mean speed errors for each
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group x viewing distance X elevation combination (mean speed errors ranged from

-0.51 to -.11 mph).

Upper 90th percentile tolerance limits for all the combinations of elevation
x viewing distance x nominal speed for the 528 foot course distance are presented
in Figure 5.19. These tolerance limits range from .478 to 1.419 mph. Even
though viewing distance and nominal speed were statistically significant, all of
the combinations of conditions produced upper 90th percentile tolerance limits

that were less than 1.5 mph.

For the 200 foot course distance, the following variables and interactions

between variables were found to be significant (p £ 0.065):

Subject Number

Replications

Viewing Distance

Nominal Speed

Interaction of Group with Viewing Distance

The following variable was found to be nearly significant (0.05<pgl.0):
Group (p = 0.09)

The mean speed error for each group X viewing distance combination is

plotted in Figure 5.20. The mean speed errors for the + 2 mph speed range group

and the + 7 mph speed range group areksignificantly different. This suggests
that the differences between methods of presenting nominal speed did affect the

accuracy of the speed measurements for the 200 foot course distance.

A component of variance analysisAWas performed on the 200 foot clocks and

is presented in Figure 5.21.

This portion of the angular study was the only occurrence with replication'
being a significant variable. As seen in Figure 5.21, replication was only 2
percent of the variance. The average speed error for each replication is plotted
in Figure 5.22. The average speed was fairly constant until the fourth

replication. Since subjects were concerned with the alignment of the pole for
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the 200 foot clock, by the fourth replicate, they may have adjusted to compensate
for the alignment problem. As seen in Figure 5.22, the average speed error did

improve for the fourth replication.

Upper 90th percentile tolerance limits for all the combinations of
elevation, viewing distance, and nominal speed for the 200 foot course distance
are presented in Figure 5.23. The upper 90th percentile tolerance limics vere
lower for the longer viewing distance (528 feet). This was not surprising. The
differences in the line of sight for the two viewing distances are shown in
Figures 5.24.a and 5.24.b. The target vehicle covered a shorter distance when
it reached the line of sight for the 200 foot viewing distance (5.24. a) than it
did for the 528 foot viewing distance (5.24. b). Since this is the case, the
subjects toggled the time switch off sooner for the shorter viewing distance than
they did for the longer viewing distance. This resulted in higher estimacted

speeds for the shorter viewing‘distance.

Referring to Figure 5.23, at the 200 foot viewing distance, there was very
little difference between the ground level and the elevated 90ch percentile
tolerance limits. The same was true for the 528 foot viewing discance, except
at 80 mpg. At 80 mph, the upper 90th percentile tolerance limit for ground level

was 2.6 mph lower than it was for the elevated level.

In Figure 5.25, speed error is plotted as a function of clock duracion for
all of the angular clocks. The clocks above &.seconds in length were for the 528
foot course distance and those below 4 seconds are for the 200 foot course
length. All of the clocks for the 528 foot course distance had less than a + 2

mph speed error,

The subjects thought the 528 foot course distance was much more realistic
than the 200 foot course distance. They also thought the longer viewing distance
was more realistic than the shorter viewing distance. These same results were
found when they were asked to rank their accuracy for the different conditions.
They thought they were more accurate on the 528 foot course distance and were

more accurate for the longer viewing distance.
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The subjects strongest suggestions for improvement of this study was to
align the reference marker for the 200 foot course distance (see Reference Marker
Alignment section of Section 4.3). The subjects also thought the 200 foor course

distance should be eliminated from the study.
Reference Marker Alignment Study

The following variables were examined in the reference marker alignment

study:

Subjects

Nominal Speed

Replication .

Alignment - Using the comparable unaligned clocks from
the angular experiment

Only two subjects participated in this study. They replicated each test

condition four times. This resulted in a total of 24 trials.

‘'The following variables were found to be statistically significant (p
0.05):

A

Alignment
Subject Number

The mean speed errors for both aligned and unaligned clocks are presented
in Figure 5.26. Aligning the pole with the subjects line of sight resulred in

mean speed errors that were very close to zero.

In Figure 5.27, speed error is Plotted as a function of clock duration fer
the aligned clocks. These clocks ranged from +4 mph. The comparable unaligned

clocks ranged from -1.3 to +7.4 mph.

The results of this study suggest that it is very important that the
reference marker be in the subjects’ line of sight. This point is made in the

VASCAR manual .
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The subjects thought aligning the reference marker was more realistic, but

they still thought the 200 foot course distance was not long enough.
Reference Marker Comparison

The test conditions for the 250 foot gap distance in the moving portion of
the bridge study were very similar to those for the .3 mile long following clocks
performed in the moving study. The only difference between the two was the type
of reference marker. For the moving study the reference marker was the photocell
reflector plate, for the bridge study it was the bridge shadow. An analysis was
performed comparing the differences between the two types of reference markers..

For this analysis, the following variables were studied:

Subjects
Nominal Speed
Reference Marker Type

None of these variables were found to be statistically significant (p £

0.05). The following variables were found to be nearly significant:

Reference Marker Type (p = 0.051)
Subjects (p = 0.07)

The mean and upper 90th percentile tolerance limits for each reference
marker type are given in Table 5.7. The mean speed errors for each reference
marker type were less than 1/4 mph different, and the upper 90th percentile speed
-errors were less than 1/2 mph different. This suggests there was no practical

difference between the reference marker types.

TABLE 5.7 -- Mean and Upper 90th Percentile
Tolerance Limits for Speed Error for
pifferent Reference Marker Types

Mean Upper 90th
Reference Marker | Speed | Tolerance
Type Error | Limit
(mph) (mph)
Reflector Plate .106 0.918
8ridge Shadow 334 1.366 B
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VASCAR Experience Level

Since all 8 subjects participated in the moving study, it was used to
examine the effect of VASCAR experience. Four subjects had less than 1.5 years
experience and the other four had 7 or more years experience. For the Following
method, experience was not statistically significant. For the Approaching from
the Rear method, experience was statistically significant. The mean and standard

deviation for each group are Presented in Table 5.8.

TABLE 5.8 -- Mean and Standard Deviation for Speed Error for
the Approaching from the Rear Method - Grouped
by VASCAR Experience Level

VASCAR +  Speed Error
Experience | Subject

Level Numbers Mean Std. Dev.

< 1.5 1,6,6,7 | .09 643

27 2,3,5,8 .394 .705

From the results presented in Table 5.8, the subjects with less experience
performed slightly better than those with more experience. The mean speed error
for the subjects with more experience was only .3 mph higher than the mean speed
error for the subjects with less experience. This would suggest 1ittle practical
difference between the two experience levels.

] i

Speed Error as a Function of Clock Time

Table 5.9 lists the mean and upper 90th percentile tolerance limits for
speed error for the overall study, all of the moving clocks performed in this
study (moving study, night moving, and moving portion of bridge study), and for
all the stationary clocks performed in this'study (stationary portion of bridge
study, parking study, angular study, and reference marker alignment study). The

corresponding values for percent speed error are in Table 5.i0.
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TABLE 5.9 -- Mean and Upper 90th Percentile
Tolerance Limits for Speed Error (mph)

portion of Mean | Upper 90th
Study Percentile
Overatl 426 3.134
Moving .105 1.540

Stationary | .644 4.074

TABLE 5.10 -- Mean and Upper 90th Percentile
Tolerance Limits for Percent Speed Error

Portion of Mean | Upper 90th
Study { Percentile
Overall .638 4.530
Moving 164 2.230

Stationary | .959 5.886

Speed error is plotted as a function of clock time for all the moving clocks

in Figure 5.28. For all of the moving clocks greater than 5 seconds in duration,

the speed errors are less than + 2 mph. " The mean and upper 90th percentile

tolerance limits for speed error and percent speed error for the moving clocks

greater than 5 seconds in duration are presented in Table 5.11

TABLE 5.11 -- Mean and Upper 90th Percentile Tolerance
Limits for Moving Clocks Greater Than 5

Seconds in Duration

Dependant Mean | Upper 90th

varisble Percentite

Speed Error | .150 1.166
Percent

Speed Error | .232 1.893
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Speed error is plotted as a function of clock time for all the stationary
clocks in Figure 5.29. For the stationary clocks greater than 4 seconds in
duration, the speed errors are less than + 4 mph. The mean and upper 90th
percentile tolerance limits for speed error and percent speed error for the
stationary clocks greater than or equal to 4 seconds in duration are presented

in Table 5.12.

TABLE 5.12 -- Mean and Upper 90th Percentile Tolerance Limics for
Stationary Clocks Greater Than or Equal to 4 Seconds in

Duration
Dependant Mean | Upper 90th
Variabte Percentile
Speed Error |-.072° 1.567
Percent
Speed Error [-.118 2.188

From the results presented in Tables 5.9 through 5.12, VASCAR-plus does not
have a speed measurement accuracy of * 1 percent, but an upper 90th percentile
tolerance limit (95 percent of the values are less than or equal to this limit)

of + 2 mph'is achievable.
6.0 SUMMARY AND RECOMMENDATIONS

In this chapter, a summary of the findings is presented on the accuracy of
VASCAR speed measurement capability and recommendations are made for VASCAR
operation. These findings are based omn the results of the testing and analysis
documented in this report. It is very important to note that no one table or
figure can stand alone. The raw data, the statistics, the laboratory
environment, and the subjects’ opinions of the different test conditions must all

be taken into account before any conclusions can be drawn.

6.1 Summary

The results of this study show that VASCAR-plus does not have an overall
speed measurement accuracy of * 1 percent. It does appear that an upper 90th

percentile tolerance limit of + 2 mph is achievable. This requires determining
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minimwn distances or minimum timing durationms for the different VASCAR metheds.

The following statements support this oversll finding:

The VASCAR-plus timing mechanism had a lower 90th percentile tolerance
limit of -0.0422 seconds. The speed error resulting from this timing
error varies with course length and speed. TFor courses 1/10 mile or
longer, the speed error is less than 1.2 mph (up tc 100 mph). For
course lengths greater than the mean preferred course distance (0.29-
mile - from the personal interview results), the potential speed
errors due to the timing mechanism are less than .5 percent.

The VASCAR-plus timing mechanism was always biased against the
motorist, i.e., the true timé was always greater than the VASCAR time,
and hence the true speed was less than the VASCAR speed (this is only
the timing mechanism, no human facters considered)

The upper 96th percentile tolerance limits for distancec measurement
were greater than the €.3 inches stated in the VASCAR user manual, but
they wera well below .5 percent.

In general, the upper 20th percentile tolerance limits for speed error
tended to increase as speed increased, and decrease as course distance

increased.

Tor ail of the moving clecks in this study, all but one combination of

course distance and nominal speec produced upper 90th percentile

tolerance limics lower than + 2 mph. The only combination that did
not was the .1 mile course distancs ané the &0 mph nominal speed
combination.

There was little practical difference between directly viewing the
target vehicle and indirectly viewing the target vehiicle using
mirrors. There was less than a .36 mph difference between Following
and Approaching from the Rear upper 90th percentile tolerance limits
for every combination of course distance and nominal speed stadied.
There was less than a .41 mph difference between the upper 90th
percentile tolerance limits for cirect and indirect vision parking
clocks for each nominal speed studied. .

There were very small differences between the upper 90th. percentile
tolerance limits for dav time and night time Following clocks (less
than .35 mph).

As long as the officer could obscrve the vehicle pacs the reference
marker, viewing distance was not practically significant. For the
moving bridge clocks, gap distance was not statistically significant.
For the 528 feoot angular clocks, there was little difference betweun
the short and long viewing distances. The upper 95ti percentile
tolerance limits for the short and long viewing distances were less
than 1/4 mph different for each combination of nominal speed and
elevation.
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10.

11.

13.

[
w

Except for two cases, the upper 90th pércentile tolerance limics for
the two elevation levels were less than .5 mph different for each
combination of nominal speed, course distance, and viewing distance.

It is very important that the reference markers be in the officer’s
line of sight (see Figures 4.5 and 4.6). For the 200 foot Angular
clocks, when the pole was aligned, the mean speed errors were close to
zero. When the pole was not aligned, the mean Speed errors were as
high as 4 mph.

For the 528 foot long angular clocks, all of the upper 90th percentile
tolerance limits were less than + 1.5 mph.

Parking clocks were performed in both the parking study and the
stationary portion of the bridge study. In the parking study, most of
the upper 90th percentile tolerance limits were well sbove + 2 mph.
Even for the .1 mile course distance., the upper %0thn percentile
toierance iimits were as high as 5.82 mph. 1In the stationarv portion
of the bridge studv, all of the upper 90th percentile tolerance limits
were below + 2.4 mph. The upper 90th percentiie tolerance limits in
the bridge study were probably lower than those in the parking study
due to the longer course distance (.3 mile vs 200 feet and .1 mile).
It is important rto remember that the subjects had strong opinions
about how urnrealistic the conditions in these two studies were. Real
world Parking clocks may be more accurate and Drecise.

The amount of the speed error variance due to subject differences was
dependent on the VASCAR method used. Differences between subjects
accounted for only 3 percent of the variance in rthe moving study.
This suggests that there was little difference herween subjects for
the moving clocks. Subject differences accounzed for 23 percen: of
the wvariance in the angular study. This suggests that there were
differences between subjects for angular clocks. This number may be
artificially high due to the group effect (grouped by nominal speed
ranges). For the 200 foot course distance, the subjects with the + 2
mph speed range performed much differently rhan those subjects with
the + 7 iph speed rangs. Differences between subjects are not that
surprising in human factors studies.

The group effect (nominal speed ranges, was only found to be
practically significant for the 200 foot Angular clocks performed in
this study. The subjects with the + 2 mph speed range performed
better than those with the % 7 mph speed range for these clocks.
There were not practical Or statistical differences between groups for
the 528 foot Angular clocks, or for the Moving clocks.

VASCAR experience was not practically significanc.

Replication was only an effect in a portion of the angular study.
Replication was nct an effect in any other studv. This suggests that
the subjects did not learn or tire during the studv. 1In other words,

they did not improve as the study progressed For the 200 foot clocks
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in the angular study, the subjects did show a significant impcovement
on the fourth replication. The subjects did uot think the set up for
this course was appropriate. By the last day of testing they may have
adjusted their technique to compensate for the experimental conditions
{see Figure 5.22).

17. For all of the moving clocks greater than 5 seconds in duration, the
upper 90th percentile tolerance limit for speed error was l1.146 mph
(1.893 8). For all of the stationary clocks greater than 4 seconds in
duration, the upper 90th percentile tolerance limit for speed error
was 1.567 mph (2.188 %).

6.2 Recommendations

P A SRS AT

The following recommendations are given for VASCAR operation and for

improvements of the VASCAR-plus manual.

1. When setting up a course for a statiomary clock, the officer should
choose a course length that will give a time duration of at least &
seconds for the expected maximum speed. For exawple, in a 25 mph
speed zone, an expected maximum speed might be 45 mph. A car will
travel .05 miles (264 ft) in &4 seconds at 4% mph, so we are
recommending that the officer use a course length of at least .05
miles. If a motorist goes through the course faster than & secouds,
the potential speed error will increase, out it will be obhvious that
the motorist is well above the posted speed limit.

2. When using VASCAR-plus for moving clocks (Following and Approaching
from the Rear), clock duratiomns of at least S seconds should be used.

3. The VASCAR-plus manual should be revised to reflect the accuracy when
it is used by human operators.
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APPENDIX A

Personal Interview Form






Code Number

Date
Start Time
Respondent
Hello my name is . Is there?
(Mr., Officer, etc.) . I represent the Transportation

Research Center and I have been assigned as the research engineer on study
sponsored by the National Highway Traffic Safety Administration dealing with
speed measurement techniques used by police officers. Your department gave me
your name as an officer who could help us in our study. I understand that as
part of your job as an officer, that you are responsible for enforcing posted
speed limits. Is this the case? (if not, end interview)

1'd like to ask you a few questions about this area of law enforcement, if
I may. It will take about 20 minutes. The information that you share with me
will be cnmpletely confidential. No onme but our research group will see my
notes. We expect to use what we learn from officer interviews to help us develop
important features for some field tests of equipment that we have planned.

Is this a good time to talk or can I call you back at a specific time
that would be more convenient? (set up a call back if needed) Date, time, and
phone # for call back:

QUESTIONS

A major focus of our research is the use of VASCAR. So most of my questions deal
with your experience with and opinions of VASCAR.

1. How familiar are you with VASCAR? '(check off the phrase which is most
descriptive of the respondent’s answer) .
Trained Certified
Use: Regularly (daily) Ofcen (weekly)
Occasionally (monthly) Infrequently (once a year)

la. Do you currently use VASCAR or VASCAR-plus?
VASCAR VASCAR-plus

2.  What kind of training have you had on VASCARY

a. Nature (where and when) and amount (estimate of hours) of FORMAL IN-
CLASS training:

b. Nature and amount of supervised training:

c. Nature and amount of informal training (self study):

2a. How many months (or years) of VASCAR éxperience do vou have?

Al



6a.

8a.

8b.

10.

11.

12.

On a scale of 1-10, where l=Novice and 10=Expert, what number would best
reflect your VASCAR skills?

On what type of roadway(s) do you use VASCAR?
freeway urban rural residenzial
other

What percent of your overall VASCAR use has been at night?

I would like to get an idea of how often you use the different mathods of
operation of VASCAR. I will list some common methods. Please give me an
estimate of the percentage of time you use each VASCAP method. 1If you do
not use a method, we will give it a zero value,

Police Car Moving

a. Following the Target Vehicle
b. Opposite Direction
‘e, Target Vehicle Approaching from the Rear

Police Car Stationary

a. Parking
b. T-Intersection

c. Angular Clocking

Is your choice of VASCAR method in any way determined by day vs. night time

For methods with the police car stationary, what percent of the time do you
use dial a distance vs. driving in the distance? Dial . Drive

Which of the six methods described above do you have the greatest
confidence in (i.e. has the best acecuracy? Why?

Which do you have the least confidence in (i.e. has the least accuracy)?
Why?

What is the shortest course distance you typically use to make VASCAR speed
measurements? Feet Miles

What is the longest course distance you typically use to make VASCAR speed

measurements? Feet Miles

What is your preferred course distance?

What is the typical maximum distance (range) from your eve to a reference
point? Feet Miles

A2



13.

14,

15.

16.

17.

18a.

18b.

19a.

19b.

.20.
21.
22.
23.
24.
25.

26.

27.

What objects do you use as stationary reference markers during the day?
(could you list in order of preference)? (probe for specifics)

What objects do you use as stationary reference markers at night?

Do you use a reference marker inside your vehicle in laying out a course?
(e.i. tape on window)

How is your choice of VASCAR method or references influenced by weather
conditions? Explain.

How often do you check the calibration of your VASCAR system?

In using VASCAR, what is the speed accuracy that you believe you can
achieve in typical operating conditions (+ miles/hr)?

Is this accuracy a function of course length? stream speed? VASCAR
method? length speed method

Have you ever had to go to court to defend a VASCAR based speed citation?

If yes, how do defendants or defense attorneys attack your VASCAR speed
estimates?

What do you feel are the strengths of VASCAR?

What do you feel are the weaknesses of VASCAR?

Have you ever experienced a failure in VASCAR equipment operation? Explain.

Do you use Radar to establish target speeds? How often?

Under what circumstances is VASCAR preferred over Radar?

Under what circumstances is Radar preferred over VASCAR?

It’s been said that some officers prefer not to use VASCAR. Why do you
think some officers avoid the use of VASCAR?

Did I get all you opinions on VASCAR?

A3
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Task Analysis Results






NOILVHYAJO MVOSVA 40 AQOK ONIMOTIOA ONISA LAJNWVL AOOTD

149 T14VL

Bl



PIoNpay
0s)@ 248 Pasn aq
UBD JYISVA Yaiym

Jano sdaueysyp
Y3 ‘paanpay
St A3111q)81A 8Y

sapow Buiyo0}2
AJeuojjeys uy
d)qejieAe jou sy
Ya1yn Ja3awopaads
Jes adijod ayy
WoJs U0} IBWIOU}
18U0 3 tppe

sey Ja3}4)j0

Y3 uoyiesado
YYISVA jo

sapow Bujaow uj

weans

dt3jedd 3y uy
S3)121Y3aA Jay3o 0)
9A118)12J 0s)@ pue
2)83s ainjosqe
ug uo sjuawBpn(
paads 1943 juy
sayew J433§450

S3ulunuoy

ERRIYTEY

Buoun s$329)9s
432440 lweasys
dtjjedy uy
$312149A Je|wys

s10aag
JO sadanog
18J3ua3og

ndd3ieyo,, oipey

$196483 jejjuajod
2Jn25qo ued
wealys Jjjje4)

Ul 53)91yaA Jaylo

(Joy3eam assanpe
'3yBiu *sA Aep
*6°3) A11119184A

5310308y
Bujayuyq

31wiad suoyyipuod
31 daBuey ayy
%9012 03 Ipidag

It

poads pajsod ayy
Jar0 Ajays) st
39643 je(3uayod
43 41 aproag

sjudwaxynboay
9AaT3Fudoy

Awucg_@ xse)
11€ Ul pasinbay)
NAs buiarag

sjuswaaynbay
A030K
-oyohsyg

uoj3eaadg ygvosva 3o spoy Bupmoytog

paads s,3abuey
Y3 jewyys)

402 334 3j0d

40 pRIYS WeIJys
2444041 Uy 39Buey
1843udyod a0y
Youeas A)jensyp

(8I3UaWR )2 ysey
119 uy paJsnbay)
Adnoe jensip

sjudwoaynboy
Tenadasaeyg
-£L30su9g

8uysn 3931wy yo07n

212143
19840y Aj1yuapy

JuaWR T ysey

1qsey



B4y

0) judde{pe ULy
® U} SIAISWIY)
Bujuoyyjsod

Aq yaew
23Ud13424 pue
338483 O MI|A
4494} anoudwy
ued 84934440
‘sAUNYBIY PIPIALP
auR)- 13 )W VO

(IR TTRE L)
Wiy |8ALIIE

ul pje (Aemybly
ayy 03 dIe(pe
83122/qo paxyj

40 S3)IYIA S0
’+6°9) IS peos
uy sand yidag

J4210) pIssnIs|p
S§ NJOW AUIISIS
puoaas ayy o
U0§I09198 lawyd
Syl 10 PIdIR)Is
2q os)e Aew

yIew 9IUILISIS
puodas ayy ‘peaye
8323[qo paxyy

jo Arnquyjene
ayy o Bujpusdag

$3uUlWWOoY

wd®1IVYD,, O)puY

pRLTREE TENEYT X

Jo 33Bawy
3JnIsqo P02
9133843 JAYI0

S$NJOW IJUIIISII
jo sadAy

SWOS JO ISN Jpuy)
813A3) 46}

SIRTLIEIYS
83298{qo

24n38q0 ued
$3)24YaA JIYI0

sxoxal s103084g
3O $82anog Sujajuyl
1e13udlog

(panujauo)) uojaiviado YVOSVA

pajeal 0@
2q PINOYS Y21tms
awy| oy apidag

2S4n03 3Y)
U} W IDUIIIYII
18444 Yy s 3sn
03 193[qo paxy}
ay3 uo apiaag

sauswaagnboy
9afajudon

NIBW IS

3@ 39849} jo w)

19A4 440 I3BWLIST
o

sjusweaynboy
1030K
-oyoLsd

jJo epoj Buymortod Buysp IeBawy No07H

BuLAyIp pue
RIOW IIUBIIPIA
oYy jo uojaysod
oYy BugJo) juow
YN}

Yy BuyxyIe
1883 W43

0) 9224N08d4
1UNS|A 23820)\@
IS 81924530

8IN0OI

YVISVA pieno}
ssaaBosd 8,3840)
Jojjuow A} ensia

3aBJel o peaye
(239 ‘abusyd
u0}31840102
Juawaaed ‘3sod
uBjs ‘mopeys
obpyuq v *B-9)
FITE IDUINDPII
9)quains

40} IS pPROI
ya4eas A})ONSA

sjuswaajnbey
1enadedasg
-£i108ues

AIeH
INIINIY 18444
03} Jabue) NOeI)

RIOH IS IY
18444 399138

Jusweld ASeL

302 3 A

B3



uoIew))sd

WY 10AjIIE

U} pre (Aenybiy
03 Juddwfpe
$123{qo paxyy

40 B212143A JaY30
‘*8:3) auads pueos
U} sand yadag

yIow

UIINJIS I
19 336483 ay3 jo
19A1J49 03 Jojad
Isnf uolieAjyoe
Yo1ins eI 1uy
8432130 As)op
LY U0)IINdI
0Npas of

SIUdUWOY

Yorns awyi o0y
oI IpPe Uy Jo jo
Peo3suy pajea;ide

2q pinod
Y23 NS adueysyg

peads anJy

JO Uo}jew)ise
-J9A0 03 Pud)
PINOJ UO}IBA}YIR
Yoy ms 338y

paads anJy

$0 uUojIewyise

-J9pun 03 pea)
PIN0d uoj3vA}IIe
Y ns Ajae3

s101a1y
3o sedianog
T1e713Ua30g

udd330YO, o)pey

NICW USRS
24n2sqo pinod
21480 a0

uoileiado ¥yisva
Joj pasn puey
Wes ayy sasynbag
uol3jesado oypuy

s10308y
Burauyq

(penujauo)) uopaeaado yyosva

poleA}Ide

#q pinoys
Y23 ins aueis|g

uayn apyaaq

NJOW IIUIII I
passed 3aBue)
S8 PIJeA|1I0 Sem
Y3ns §y apraag

sjuswoxgnbay
aaT3Fuldoy

Fow

93UIIIJIS 10 49D
#3)10d jo awy)y
19A 498 9310wy 383

Wiy uoyloeay

puey

Y81y y3im ¥vasSVYA
Butiesado a)iym
‘puey 3j9) yain
482 33))0d aatug

uoiysod
dn oaur yoytms
916603 ysny

sjuswaaynbay
I030K
-oydALsyg

Buyayap

pue uoyjyysod
bR L TENTYTY)
3y3 Bujioyjuow
‘3196403

aYy)y Bujpxnowsy
03} 332.n0say
JSNsiA 83800) )@
I 34831440

pisnio) spaddoud

Jed 33))0d
S8 NJOW 2IUBIDSI
38443 3O U0}3930)
Jojjuow Ajjensip

UO§I0A}3I00 Yo yms
$0 %Oouqpady
3)43093 pue

AJoyjpne uyeiqo

sjuewaaynbey
Tenadeasaag
-L10suag

3o 8poN Buymoyyog wraub 388ae], 3o07H

Nsey

Uy I84yy
03} yYrvouddy s,Je)
921104 2AI35Q0

uo
YOX NS auit) uany

Juswaly ASey

1jysey

B4



NIew LIS
Y} 3¢ 483 Id)jod
Y JO BA}IIE
ay3 03 Joyud

Isn{ uo§IBA}IIN
Yoy ins Ilejul
843940 Aw)ap
W)} LOYIINAL
20np3J 0}

$3UWWO)

Y23 |Ms IoURIS|Q
03 uofiippe
Uy JO JO pEIIsUY
POIGA}108 3q
PINO3 YI3 NS i)

paads ahJy

J0 U0} IEWIISD
-49pun 0} ped)
PINOI UOYIBALIIE
Yo ins 9wy

paads anJ3

JO UojIEWISI
-49A0 03 PEI)
PINOd UOLIBALIIR
Yoy ins AyJe3

10113
JO $921IN0§
1913ue30d

S)JBW 3IUIIBII
jo sadAy

WOS JO ISN Jlwi)
S)19A3) YB1T

AH11GE81A

8322(qo
24n2sqo UEBD
S3JIJYIA JIYI0

$)01)U0d
dv¥ISYA Buylesado
J40) pISN puey
awes ayy sa4ynbay
uojyelado oypey

s10399g
Buyayuyl

(penujauo)) uoyaeaado WVOSVA

3sunos a3
Ul yJew IIUIIBYII
puodas ayy asn

01 323[qo paxt)
ayy uo ap1Iag

ydiew 3dual3}as
passed Jed 331)0d
S8 PIIGALIJe SeM
Yya1ns Ji 3pio3g

sjuawaajnbay
aAaFaTudon

w1} U0YIOEIY

uoi3ysod
4 03Ul Yo ins
316603 ysng

gjuswaaynbay
2030R
-oyosLsyg

3o epol Buymorrog Buysn 3IeBaer }o01H

jabuey jo peaye
(3sod

uBys ‘nopeys
abpiiq @ *°8°9)
NISW NI
ajqeains

JOj UIIS prOJ
Youeas A} 1ensiA

UOJIEA|30R Yo ins
$0 OeqRII)
9113993 pue

AJo3 ipne uwIqO

sjuowaxynboy
Tenadedaed
-Kiosues

NIBH PIUIISIY
PuUC23S 329}9S

NO UDIINS
auNIsI] uJnj

Juaway ASeY

:ysel

BS



yiew axnIaa
Yy 1@ 136403 ayy
3O J1eA1sae ay3 0)
Jot4d uogyeayyow
4ayms ey
$SJ334440 Aeyap
WY U0y
90Npas oy

320}

Bugrow @ Buyunp
EE TR ERT NEVYEY
J333wopaads

482 93110d ayy
PeIJ A)1e01dAy
84934430

uojjew(ysa

W) JeAtduR
us pie sana yidag

S$JIuswwoy

YorIns awey 0y
uoLIIppe Ul Jo jo
P83ISUy pajeatyde

aq pynos
Y23 M8 aouesyq

paads anuy

J0 uojjewiysa
-J9pun ue 03 pea)
PIN02 Uoileagyoe
Yo311mMs 3397

paads anJ3

40 uUollew)ysa
-JaA0 ue 0) ped)
PIN03 uoileAl)oe
Yaiins Ajue3

paads anuy jo0

U0 Jewy 353 sapun
0)

Pe3) pIn0d 3aBuey
Aq BuyBueyd suey

s101a3
Jo sadanog
T1eTIUdjOg

uo|jesado

YVISYA se puey
swes ayy saysynbay
uoilesado oipey

#4933042y, O|puy

AW 3Ry

J0 33840y
IN25q0 pIn0d
144043 J3y30

sa030eg
Burajuy

(panuy3uo)) uoyzwaadg UVISVA

REM
33UIIIJBI PUOIIS
dY) passed jabie)
S8 PaleA131de sem
Y21ins 41 apioag

pajeat)oe

3 pInoys yaigns
) uayn apiaag

sjuswaaynbay
aaFaTudon

awy) uogyoeay

uoilysod

NMOQ C3ul yodims
¥)6603 ysng

ydew 3ouauayay
19 Je6.e) jo awy)
18ALIIE J)ew)ys]

984N0I Ul 3)iym
saue) sabueyd
1966y 41 3jopN

sjudwaaynbay
1030K
-oyoLsyg

UOLIBAEION Yo)ins
Jo xoeqpaay
2113093 pue

Aoy pne uyeiqo

Buiajip pue
AIBW USRS
Y3 jo uoiyysod
Y3 BuyJo) juow
‘398483

Y3 Buyydeuy
0} 332uN0Say
JensiA 231930))@
IS $499) 440

AJBW JIUINISIY
PUO23s pienoy
ssaaBoud s,)9648)
JO3juow Ajjensip

sjuswaagnboy
Tenadadaay
-KAiosuag

3o apoy Bupmoyrog Bujysg 3198ae], yooyy

440
Yo)ing awyy uan)

LELT LIV NEYEM
PuU023S 03 a)21yap
39640 Noe4)

Juswety jysey

1jysey,

Bo



40443 JUIINSVM
2583J2UL YIyN
323453 A|IIPPE
JO 8139449
Buy1198)j0

ARy URD SyIWW
IUIIBJIN YI0q I@
840449 UO|IPAIDE
o3 ns 3dueiIsig
pue yaains Jwj)

NI8W NI
ay) 3¢ Jed 3d})od
Y1) JO UAjIIe
ay) o3 Joyud

ISnf UOYIeALIIE
yolrins 31813 )u}
8133)}j0 Ae)op
WY UOYIINII
0NPIJ 0}

uojIew|13?
ETRRRT TYWNT ]

uj pie (Aenybyy
03 1Udde[pe
8129{qo paxi}

JO SPIIYIA J3y30
*+8°9) U8 pROJ
u} sand Yidag

S3UWWO)

Yol NS IIULISIQ
0} uoiljppe
Uy 40 Jo pEIISUY
POIVA} IO aq
PIN0d Yo ins Swyy

paads anJy

§0 UO|IGWEISY
-J9A0 0} ped)
PIN0I UOYIUALRIW
yo3ins 338

paads ansy

FURTIRT TRE

-J9puUn 03} PEI)
PIN0 UOIIGALIE
Yoz ns Ayse3

s10113
Jo $92anos
19§3u930g

uo11049do YVISYA

Joj pIsn se puey
awes ayy sasinbay
uoyiesado ojpey

w13130Yd OjpRY

AIBW J2UDIDJDI
24n28G0 PINOY
3144043 YO

$31039%]
Suyajuyl

(panujauo)) uojivaadg YYISVA

FaoW 3PS
passed Jed @ad1)od
S8 PaivAjIde SUM
Yoams jt P30

paieA1Ide

3q pinoys
Y21 §ns 22ueIS|Q

uays 9p123g

sjuswaxynbay
aAafafusdon

o) U0L}IRY

uoyyysod
NMOG 03U} YOIIMS
21668031 ysnd

NJouw
92U JU JUD
934)10d jO 2wy
19A} I8 30WEIST

sauoweajnboy
1030H
-oyoL£sd

3o opoy Bujmoyyod Buysn 3e8asy no07o

UO|IBA|IIE YOI NS
$0 NouqPId)
9143983 pue

Adoy ipne U890

984002 Ybnosyy
spaadosd Jed
934j0d se XJow
FIIIJII PUOIIS
. $0 U0}1820)
Jo3juow A} jensiA

sausueajnbey
1enadedxeg
-£x08ueg

440 YI3ins
2IURIS{Q UINY

AN

UIINJOY PUOIIS
01 yowosddy s,48)
93} )0d 9AIISQO0

Juswety AS®L

8wy,



43ynas)a
$921A498
$44334}40

Yy Joj paau

2y} pue suo13el )9
6uypaads buinss)
Joj Adryod
wawysedap asyyod
ayy ‘snsund
A13jes 03 Ayg)iqe
$,4334430 ay)
‘paads painseaw
Y3 uo spuadap
J0i1e)o1A @ Insund
0) Uois P Syy

Asowow

woJdy (s)Buipedl
J332wopaads
$))e23u
A11931400u)
4331440

Ja)awopaads Jed
33iy0d so Awydsyp
YVISYA Buypeas uy

4921540 Aq J0443

s3uauwwo) 81011y
Jo seoanosg

1e13ua3oq

(Aduabiowd Jaylo
B TRERETTEST PN
‘Juapidoe ‘-6-9)
PULTU BT =TS YWE)
40w @ 0)

pPu3alle 03 433340
104 JUAIIINbII
Puodds 339

$10308BY
Bupajuyq

(Penur3uo)) uojiwaadg YVOSYA Jo @pol Buimoyyrog Bujsp 398aw), Yooy

4013 3IStJ0jow
104 Jo3OBy
ajuemojje ue
snid i) paads
ueyy Jajealss

S paads pasnseaw
34 1968s8y

ansand 03 apoag

Buipeas

UVISVA padedsip
pue (s)butpeas
J3)3wopaads
‘310800)

Aq 3ousuaujew

ur”) ‘su0jIeAlyde

YI31ns o

paseq JuawaINSEIW
pIads (12afas Jo)

3das3e 03 apyoag

anpasoud
Bu(x2012 ayy
Buyunp paujeyqo
(s)Buipeay
J13)3wopaads

03 pue 43d1j40

AqQ apew juswaspn(

paads )e131uy
Yd1n paseduwod s)
Poads padeids;g

sjudwaxynbay

9AT3TuUd0)

sjudwaagnbay
2030K
-oyofsqg

ansand 03 jou
JO J3YIdyn Ipyoag

UMD INSEIN
paads jo
A3IPLIOA ssassy

Youy 4 )19y-suo
Ajarewixosdde s
Y843y sa308uey)

sayouy og
A)areuyxosdde s
0uISIp BuinI A

pade\dsp Aeydsig

NeA paads pesy YYISVA pedy

siuewaaynboy Juldwa Ty Nsey
Twnadedaey
-L308u92g

1sey

B8



WVAY FHL HO¥d ONIHOVOUddV L3OWVL AD0TD

¢°9 14Vl

B9



Paonpay

0S)@ 318 PIsn g
UBY HYISVA YIiyn
JIA0 S0UEIS|Pp
ay3 ‘padnpas

St A31)19)81A SY

sapow 6u1%20)2
Aseuoi3els uy
?)19e)1eAe jou S|
Yaiymn 4313wopaads
482 301)10d ayy
WoJj uojIBWIOJUL
1euo |3 tppe

sey 4321440

ay3 uolledado
YYISVA jo

sapow butaow uj

weasys

dtjjea3 3yy uy
$2)1214yaA Jayjo 03
139134 05)8 pue
21923 3Injosqe
ue uo sjuawIbpn(
paads je134uy
Sajew 4331440

sJjusauwwo)

2131yaA

Buoun s123)2s
4921440 ‘weaays
ey w
S3)21YaA e juS

s10113
Jo sananog
19J3U9304

UWISNIPY J02u 1Y
wddl3eyo, oipey

sjabsey jeyjuazod
34n3s5q0 uea
weasys 2443643

Ul $3)14an sayy0

(Jayrean asyanpe
‘3yBju 9A Aep
'*6°3) A31yiqisya

$10308y
Burajuyq

Jwaad suoty1pucd
31 196se) ayy
312013 03 apidag

Huwy)

paads pajsod ay)
19A0 AYaxni) sy
JoBiey jejuayod
33 41 apia2g

sjusauweaynbay
aaF31ulo)

1eay oyl woxy 3uyyoeoaddy 3981wy ooy

(SIUW3 )2 xysey
118 UL pasinbay)
11448 6ugarag

sjuswaxfnbay
X030K
“-oyafsyq

paads s,39848)
YY) ewiIs]

492 334)0d
#0 pedye youeas
19N8|A ujeuIey

483 934)0d pujyaq
WeIsIs 3434093 uy
19848y je)juarod
40} (8104410
aue)d) Jo4aw
P18 1)3) Jo
JOJIIW MIIA J9IY
YoJuas A)jens

(S1uawd)d xysey
11® U} pasnbay)
Aynoe jensip

sjudwaxnboey
1enadasaeyg
-£L10susg

2)28yap
196481 Aj13uap)

Juswaty ysey

1sey

B1O



uojIeW} 1S
AWy JeAjIIe

uy pie (Aenybyy
0) ddeipe
$323{q0 pIx})

JO SI)IIYIA JIY30
‘-8°3) IS puos
uj sand yydag

J219) passnasip
S§ NJEW NI
puodas ayy Jo

U0 393198 laugy
SIY) 19 paydI|s
aq os|e Aew

NIBW SOUDIISIS
puodas Iyl ‘peays
8392[qo pIx}}

jo Arjyiqeijeae
2y} uo Bujpuadag

sjuswuwo)

wdd330Yd, OjpeY

FIBW IUIIYIY
24n2sqo pINod
2134043 13410

SRICW SIUIIIJII
jo sadAy owos
40 asn Iyy Jjuy)
319A9) 4647

A31119184A
$329{qo

24n25q0 Led
8219149 JORO

s10x13 81039%3
JO s9danog Bupayuwyl
1ejIuezoqd

pa1eA}10e
2q pinoys

Yol |ns 2uelISIa
uayn 3p1oag

23JN02 3y
U} IeW IOV
1844) IY) 99 ISn
03 193[qo paxi)
ay1 vo apyoag

sjuswexjnbay
eAj3Ifuldon

(ponujjuo)) 1edy oyl woay Supyovoaddy 3e8aw] R007D

NJew
0UIIIJIS JU JED
92})10d jo 2wy
19A}JI8 0w is)

sjuswaajnbay
2030K
~-oyohsgd

BUlALIP PUR pedye
RIOW I
Yy BuyI0) juow

‘800514W

492 93 )0d

Y3 uy 9B4my
ay) Buyxoey
83503 IY)
0} $324n08dJ
19NSIA 338201 )@
SN 84934430

984n02
paenoy spaddoud
Jed @#dp)od

U NIUW IIUDIDFOI
184} JO UO}I8I0)
Jojjuow A)jensiA

Jed
93110d jo pudye
(939 ‘isod ubys
‘abueyd J0}02
Juawaned ‘nopeys
adpyuq ® °6°9)
NI0W I2UBIIYDI
2)qe3 |ne

Joj UuIIS pRoY
yosuas A))ensiA

sjuswexynbey
Tenadedaeg
-£Liosues

pELL |

SIUIIDJIY AN
01 Yowoiddy s,48)
931104 9AJIISQ0

IO I2UINI4Y
18444 303198

JuoweTd NSeL

8Ly

Bll



ja6ae)

@ Ul SaA)IsWIYY
Bujuo )i sod

AQ 138483 jo MIIA
419y} A0sdw)
ued 8433440
‘'sAenyBiy papiaip
ug)-13)yw ug

uo)INW} ISP

W) J9A}IIG

Ul PIe JUIIS PECY
u) sand yadag

AJew 32N
Yy 1@ Jed 93j)0d
Yy Jo jeAjIae
ayy 03 Joyud

isni uojyeaside
Y2y ins 33ey34u)
$J334))0 Ae)ap
WY U008y
20npaJ 0)

sajuauuwoy

Y1 ns acueysyg
03 uoj3jppe

U} JO jO pRIIsul
PI1BALII8 3G
PIN02 YoM ow) g

paads anay

J0 uojjewy3sd
-J9pun 03 ‘pea)
PIN0D UOIIBA}IIR
Y231m8 9397

paads anay

J0 UOjITWISI
-49A0 03 pe?)
PIN02 UOIeA}}OR
Yoy ins Ajae3

810113
Jo s8921nog
1873u8304

ud33I94YJ,, o|peYy

AI8W 0URIIJa4

Jo jabuey
2Jn23qo pinod
dt3400 Jayqao

$)043U00

YVISYA Bujyesado
4o} pasn puey
2uNs 9y) sIsinbay
uoj3ssado oypuy

$10309y
Buyajuy

pPa1eAL31e
99 p)noys yoryms
W) uayn Ip1aag

NJow 32U242)34
passed 4ed asyjod
S® pIjeAllIde sem
YoIINs }1t dpidag

sjuswaxynboay
9AaT3judon

(penujauoy) aevay eyl woay Bujyowoiddy 3eBaey 3o01H

oW 33Ua1359s
¥ 338483 ;0 Jwy)
19A144@ 3ewyysy

2wyl uoyIIvaY

pusy

3YByd Y3 |n YYISVA
Buyiesado a)pym
‘pusy 3501 yaum
482 32410d aAyag

uot3isod
dn o3uy ydyns
216603 ysng

sjuswaaynbay

030K
-oYyohsyg

Buiayip pue peaye
AI0W J0UBII SIS
3yy 40 uoyyysod
ayy Bujioyiuow
‘jabue)

3Yyy Buyyden

0} $324N0sSIy
19NS|A 339508
ISNW 84994430

¥8.n0>

YYISVA pienoy
8s24804d 8,12840)3
Y} sJositW VA
Jojjuow A)jensyp

UOIBAL11I8 Yo ins
40 Noeqgpaay
9141993 pue

A4031pne uyeIqo

sjuswaaynbay

Tenadedaayg
-Aaosuag

pELD)
3UIIIJIY 313444
03 19848} yowy)

Bl2

NO Ydaims
20UBYIS|Q UIN)

Juawety Ase]

(ysey,



Rdow
20UIIIJII Y
e 8403 3Y) jo
JeAjase 0} Joyud
Isn{ uo§IBA}IIE
Yo ins 19434}
8433} 3)0 Ae)Ip
WLy V0L
0Npas o}

sjusuwo)

yoI|ns awy) 03

. uojI|ppe U} JO jO
PeISU} PIIBA}IOG

2q pinod
Yo s 20uRIS|Q

paads anJ)

JO UO|IPW} IS
-JIA0 0} ped)
PINOD UO}IBALIIN
Yoy ns 339

paads ansy

0 uojIeW}IS?

-J3pun 03 ped)
PIN0d UOIIBA}IIE
yans AjJe3

s10x1y
Jo s82anos
1933u930g

S)yJeW 3IUIIDSIY
jo sadA3 awos
30 SN Y} L)
s1aA9) Y61

A¥gyiqasia

8)23[qo
24n25Q0 uvd
SIIIYIA J3430

uoijeiado YYISVA

J0) pasn puey
wes Yy 8a14NbIy
uojyeJado oypey

sio039%y
Bupauy]

954n02 2Y)
Ul yJew IdUIIISII
pu0as ayy asn
03 133{qo0 paxyy
ay) uo apyaag

PR EERTENE FEN]
passed jabaey
S¢ P3IBAL}IB SeM
YIIIMS ) 3pid2qQ

sjuawaainbay
aajajuldon

(penujiuo)) 1wey oYyl woiy w=u=meoua@< ae8aev] 30019

W) voyyoeay

uoyisod
4N 01Ul Ydo3Ius
936603 ysnd

sjudwaagnbay
I030R
-oyodsg

(isod

uBys ‘mopeys
abpyiq @ ‘°6°3)
AINW I2UIIII
2)qe1ins Joj
peaye uaIs peod
youuas AjIensia

UOIIPA|II8 YOI insS
$0 NOeqPI}

2)1390) pue -

AJo3ipne uyeIq0

saueweajnbay
1enadedasyg
-Liosues

Niey d2UdISIY
Pu0DIS 199)13$

uo
Ya3ns awyl udny

Juswa(d HSVL

yse],

B13



FIW I2UIIad
3yy e 4ed 3dpjod
3Yl) jo jeAjIge
Yy 03 sopud

isn{ uotjeagyoe
Ya3ims 91913 )uy
$J3314)0 Aejap
Wiy uoideay
NP4 0)

%2012

6uirow ® Buyinp
SJWIY J0IIAIS
J933wopaads

482 32110d 3y
peaJ AyyjeaydAy
84331330

uoijewy 359

Wil JeAgsae

Ul pie 3uads peos
ur sand Yadag

SJudWWoy

Ya34ns dauBySIg
$0 peajsul

40 0) uoy)ippe

Ul pareatlde aq
PIN02 Y23 INs w) )

paads anJy}

40 UOIeWY)SD
-JaA0 03 ped)
PINO uoyleAl}OR
Yyorins 33e)

paxds anugy

§0 uoyIeWwISd
-42pun o) pea)
PIN03 UOL3AYDe
Y23 ins Ajuey

sx011y
JO sadanog
1873U210g

uotyesado yyisva
JOj pasn se puey
awes Iyy sasinbay

uotlesado oipey

04933042, O}pey

AJew IJUIIBJIy
24n3sqo pynos
143943 IO

s$1030vy
Bupajuyg

jlew 23uauayal
passed 482 221)0d
S8 pajeAtioe sem
Ytns 31 sproag

palealioe

29 pinoys
Y21 1n3 3ouelsig

uaym ap123g

sajusweaynboay
9a13Tu8on

(penuyiuo)) aeay ayjy woay 3uryowoaddy 3e3awy Noo|H

W) uolydeay

uoiiisod
NMOQ 01Ut Yo Ims
916603 ysnyg

¥ Jeut

CRUENEFE NS T-INT- L)
@21710d jo swiy
18A14I8 3jeWEYS]

sjuswaxinbay

I030K
-oyohsqg

UojleA 3oe yoyyms
40 A2egpady
2113203 puw

AJ03)pne uyeiqo

¥s4n0d ybnouyy
spIdoosd Jyed
a21)od se yJew
UL puodas
40 uoIe30)
JOyjuow Ajjensia

sjuswaaynbay

1enadadaag
-£10susg

3§40 YI31ng
2oue)SIQ UIny

LELL |

U1y puodas
0) yoeoyddy s,u8)
324104 aAIaSqQ

Jusdwaty ysey

:qsey,

Bl4



40449 38BIINY
/Y3 810359
ALIPPR JO
3399559 BujllIs
<430 ARy WD
SYJBW IJUIINSII
yioq 318 840449
UOII0A}IOW YOI IS

UL pUe Jwy)

RIOW INIDISII
gy e abiey a3
4O JEALII® Y} 0}

Joyud uolIBALIIe

YOI NS 218U}
$133) )0 Ae)op
W3 U0
#onpaJ o}

Jed a34y0d

Yy jo Jedy

Y3 0) yioq ase
RI8W INIIISII
puodas pue jaBiey

uoyIew|18e

Wil 18A)IIE
uy pie sand yadag

$3UoUNIO)

Yo1iNs awi] 0)
UOJI[PPe U} JO O
peaIsu} PIISA}IOE
_ aq pynod

o1 |ns IduelIs|Q

paads anay

0 UOjIeW}18d
-Jopun us 0} pe3I)
PIN0I UOIIBA}II@
Yaaus 3¢

paads ani)
FURTLIRL  TRE L)
~JIA0 UB 0} PuI)
PIN0I UO|IVALIIC
yains AjJe3

paads an4y jo

U0 | 10U} ISIIIPUN
(2]

pea) pinod jebiv)
Aq BujBusyd aue

s10a113
Jo s92anog
Te¥3Ud30g

uojiesado

YVISYA S8 puey
swes ayy sadynbay
uojjesado oypey

wl922842y O}pOY

L JOW 93UIINSII
40 Jofum)
24n35q0 PINOI
344093 J3NI0

8103093
Buzajwy]

yJew
32U JI4 PUOIIS
ay) passed jaBae)
8® PIJGA}II0 sen
YoIns §i 9pi220

PaieA}1Ie
aq pinoys Yo ins
aup L Uy 3pyIRQ

sjusweaynboay
eATaTulo)

(penujauo)) aeayg eyl woiy gujyowvoaddy 398avl %0010

HKeyy UOLIONIY

uo1)ysod
N0Q 03Uy Yol ims
916803 ysnd

34w 20U}
@ 3aBiey jo auw)
(LZYRRL AL TIBEF ]

IBINOI U A IyM
sauw) sabueyd
398483 jI ION

sauswaajnbay
3030}
-oyoLsd

UOIIBAL1I0 YOI NS
30 120qpa3)
2113993 pue

Adoypne u}eIQ0

BujALIp pue

FIUW BOUIIIJ0S
oy3 Buju0)juow
*yatiey

Yy BuixyIesy 03
p3jud0ol|e aq I8N
$22JN0SII 1ENSIA

sJ0J4 Buysn
NICW IJUILISIL
PUODIS PIENOY
982480ud 8,32849)
Jojjuow A} NS

sjueweajnbey
1en3ydedaeg
-Kxosueg

430
Yaagns awiy wing

AI8W NI IY
PU0IIS 01 )IIYIA
39848 youay

Juswe Tl Nsel

se]

B1S .



349ynas)d
$391A438
$,433}440

9y} 403 pIdu

Y} pue SUOIILYED
6uipaads buynssi
Joj Adryod
wawisedop a2y jod
Yy ‘ansand
A19j8s 03 A1g)iqe
$,492)350 a3
‘paads painsesw
Y3 uo spuadap
4038)104A ® Insand
03 uoisjoap ayy

Asowow

woJ4j (s)Buipray
J33awopaads
8119234
A)13232400uy
4334450

Jojawopaads J4ud
934)10d so Ae)ds)p
YVISVA Buspeas uy

4934340 Aq Jo493

sJjuaumoy s1011y
Jo sedanog
Tej3uazog

(Aduab sowa REITS TV
‘3w 40 Juajoya
‘uapiode ‘°B-3)
JUBAD 18343440
JJow © 03

PUIB 03 4324330
40} U INba
pUodIIS 31se

$1030w9y
Surajuyq

0443 3¥S1I0J0w
403 Jo3dey
Joueno)je ue
snyd ywwy) paads
ueyy JIjeasb

8} paads pasnseaw
)t dbuey

ansund 03 apioag

Buypeay

UVISVA pake)dsp
pue (s)Buipeay
J333wopaads
‘398403

Aq 3dusuajujew
Su®) ‘SuoileAgyde
Y21 ms uo

p3seq Juawdinseaw
paads (32af94 J0)
3da22e 03 3pidag

3Jnpasoud
Buix20)2 ayy
Bugunp pauteiqo
(s)Buipeay
J3313wopaads

0} pu® 1331440
Aq apew juawebpn(
paads jeiau)
Y3n pasedwod s\
paads pade)dsiq

sjuswaxjnbay
9AF3Tudoy

s3uowaaynbay sjuswaaynboey

ansund o) jou
40 Jaylaym api1oag

UCOEOLSUGUI
‘paads o
AVipyiep ssassy

Yauy jyey-auo
Ayayeugxosdde s
By Ja3oeaey)

83youy of
A)drouwyxosdde sy
dURISIP Buinap

pake\dsp Avydsig
MNeA paads peay YVISVA peay

IUBWITF Nsey
1enadasaeyg
-£10suag

(penuyiuoy) awey eyl woiy Bujyowoaddy 30818y §o071H 1ysey

Blé



APPENDIX C

Results of Tests Conducted with VASCAR Display Covered






Two replicates of the short viewing distance clocks of the angular study
were performed by two subjects with the VASCAR LED display covered. The results
of these tests were compared to the results of similar tests from the first two
replicates of the angular study performed by the same subjects with the VASCAR
LED display uncovered. The mean and standard deviation for speed error for each

course distance are listed in Table c.1l.

TABLE C.1l: Mean and Standard Deviation for Speed Error For Covered and
Uncovered VASCAR LED Display

Uncovered Display Covered Display
Course
Distance Mean Std. Dev. Mean Std. Dev.
200 ft. | 0.107 t.212 1.145 2.296
1710 mi. | -0.449 0.587 -0.582 0.663

The results presented in Table C.1 show that there was little difference
between the covered and uncovered display results at 1/10 mile (528 feet), but
there was a significant difference at 200 feet. This was the same result found
with the group effect of the angular study. In the angular study, the gffect of
the nominal speed ranges (+ 2 mph and + 7 mph) was studied. The results showed
that the difference between groups was minimal for the 528 foot course distance,

but it was significant for the 200 foot course distance.

Means and standard deviations for various test conditions with the 528 foot
course distance are presented in Table C.2. The results presented in this table
show that there were minimal differences between the results with and without the

display covered for the 528 foot course distance.

TABLE C.2: Means and Standard Deviation for Various Test Conditions

with the 528 Foot Course Distance

Uncovered Display Covered Display
Test
Condition Mean Std. Dev. Mean Std. Dev.
ground -0.358 0.741 «0.489 G.426
elevated -0.539 0.392 -0.674 0.889
45 -0.272 0.348 -0.330 0.588
60 -0.125 0.398 -0.470 0.517
80 -0.948 0.642 -0.944 0.77%
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Means and standard deviations for various test conditions with the 200 foot
course distance are presented in Table C.3. The results presented in this table
show there were significant difference between the results with and without the

display covered for the 200 foot course distance.

TABLE C.3: Means and Standard Deviation for
Various Test Conditions with the 200
Foot Course Distance

Uncovered Display Covered Di splayj
Test
Condition Mean Std. Dev. Mean Std. ODev. '
ground 0.229 1.439 1.965 2.4668
elevated -0.014 0.984 0.324 1.862
45 0.078 1.255 1.052 1.395
60 0.079 1.424 1,452 2.326
80 0.165 1.105 0.930 3.130

-
-

is important to note that officers in the real world do not have their
displays covered. The results of the task analysis showed that officers compare
their initial speed assessment to their VASCAR clock. Using this assessment, and

other information, the officers then decide whether or not they have a wvalid

clock.
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APPENDIX D

Order of Trials






ORDER OF TRIALS FOR MOVING STUDY

SUBJECTS A AND B

DAY 1
VASCAR Method

Trial Course Target
Number Distance Subject A Subject B Speed

1 0.3 mile Leading following &0

2 0.3 mile Following Leading 45

3 0.3 mile following Leading 60

4 0.3 mile Leading Following 80

) 0.3 mile Following Leading 80

é 0.3 mile Leading Following 45

7 0.1 mile Foliowing Leading 45

8 0.1 mile Following Leading 60

9 0.1 mile Following Leading 80

10 0.1 mile Leading Following 80

11 0.1 mile Leading ’ Folliowing 60

12 0.1 mile Leading Following 45

ORDER OF TRIALS FOR BRIDGE SESSION
SUBJECTS A AND B
DAY 1
Subject A Subject B
Trial Target VASCAR Gap/Viewing VASCAR Gap/Viewing i
Nurber Speed Method Method Method Method :

1 60 Parking Direct Following | 250 ft
2 80 Parking indirect Following 1/8 mile
3 &0 Parking Indirect Following 1/8 mile
4 80 Following 250 ft Parking Indirect
S 80 Following 1/8 mile Parking Direct
é 60 following 1/8 mile Parking Direct
7 60 Following 250 ft pParking Indirect
8 80 Parking Direct Following 250 ft

Gap/Vlewmg Method - Gap distance if a following clock; visual method
parking clock

if
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ORDER OF TRIALS FOR ANGULAR SESSION

SUBJECTS A AND B

DAY 1
Trial Subject A Subject 8 Course Target
Number . Distance Speed
Elev., Viewing Dis. Elev., Viewing Dis. .
1 Elevated, 200 ft. Ground, 200 ft. 1710 mile 60
2 Elevated, 200 ft. Ground, 200 ft, 1710 mite 45
3 Elevated, 200 ft. Ground, 200 ft. 1710 mile 80
& Elevated, 200 ft. Ground, 200 ft, 200 ft. 80
S Elevated, 200 ft. Ground, 200 ft. 200 ft. 45
é Elevated, 200 ft, Ground, 200 ft. 200 ft. 60
7 Ground, 200 ft, Elevated, 200 ft. 1710 mite 45
8 Ground, 200 ft. Elevated, 200 ft. 1710 mile 60
9 Ground, 200 ft. Elevated, 200 ft. 1710 mile 80
10 Ground, 200 ft. Elevated, 200 ft. 200 ft. 60
1 Ground, 200 ft, Elevated, 200 ft. 200 ft, 45
12 Ground, 200 ft. Elevated, 200 ft. 200 ft. 80
13 Ground, 528 ft. Elevated, 528 ft. 1710 mile 45
14 Ground, 528 ft. Elevated, 528 ft. 1710 mile 80
15 Ground, 528 ft. Elevated, 528 ft. 1710 mile 60
16 Ground, 528 ft, Elevated, 528 ft. 200 ftr. 45
17 Ground, 528 ft. Elevated, 528 ft. 200 fe. 60
18 Ground, 528 ft. Eteveted, 528 ft. 200 fc. 80
19 Elevated, 528 ft. Ground, 528 ft. 200 ft. 80
20 Elevated, 528 ft. Ground, 528 ft, 200 ft. 60
21 Elevated, 528 ft. Ground, 528 ft. 200 ft. 45
22 Elevated, 528 ft, Ground, 528 ft 1710 mile 45
23 Elevated, 528 ft, Ground, 528 ft 1710 mite 60
26 Elevated, 528 ft. Ground, 528 ft 1710 mile j 80

ORDER OF TRIALS FOR NIGHT MOVING STUDY

SUBJECTS A
DAY 1
Trisl Target
Number Speed
1 45
2 60
3 60
4 80
S 45
-] 80

ORDER OF TRIALS FOR PARKING STUDY
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SUBJECTS A AND B

DAY 1
Trist Subject A Subject B Target
Number | Course Distance | Course Distance Speed
1 200 ft. 1710 mile 60
2 200 ft. 1710 mile 80
3 1710 mile 200 ft. 80
4 1710 mile 200 ft. 60

ORDER OF TRIALS FOR REFERENCE MARKER ALIGNMENT STUDY

SUBJECT A
DAY 1
Trial Target
Number | Speed
1 60
2 45
3 80
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APPENDIX E

Testing Procedure and Protocol Statement






Testing Procedure and Protocol

The Transportation Research Center (TRC) has been contracted by the National
Highway Traffic Safety Administration to conduct a study to assess the speed
measurement ability of VASCAR under various test conditions including Following,
Approaching from the Rear, Angular, and Parking methods. In order to properly
test VASCAR, it is very important that professionally trained and certified
VASCAR users are a part of this study. The results of this testing may be used
to refine or revise the VASCAR manual.

The testing of VASCAR will be performed at TRC test facilities. Cther TRC
testing will be conducted in close proximity to the testing you will be involved
in. All of the personnel involved in testing will be in communication with the
control tower and each other using hand held radios. The control tower will give
warning if there is any testing being conducted that will interfere with the
testing that you will be involved with. Proper protocol involved with the
different testing areas will be thoroughly explained before testing begins.

If at any time during the study you do not wish to continue to complete the
testing, you have the right to terminate your involvement in the study.

Some of the testing to be conducted will be at higher speeds (85 mph
maximum). It is important that you are aware that there is some risk involved
in testing at high speeds. This risk is minimized by having professional drivers
involved in the testing conducted at the TIRC.

As stated above, you will be performing Following, Approaching from the
Rear, Angular, and Parking methods. If at any time you feel that you have an
unacceptable clock (a clock you would not take when out on routine patrol), just
mention that you have a bad clock, and the test will be repeated.

The true vehicle speed will be measured using a photocell. The speed from
your clock will be compared to this true vehicle speed. During the course of
testing we will not be able to provide you with information concerning the
accuracy of your clocks. This information can be provided after testing has been
completed. '

The results of this testing will be kept confidential. The test results
will be reported, but your name will never be associated with the data. The data
will be labeled as Officer A, Officer B, etc.. You will be given a copy of your
data 3 weeks following completion of this testing. These results will be sent
directly to you. Your superior officers will not be given copies of individual
results unless you chose to share the results provided to you. We will send you
a copy of the final report when it is available. This report will contain a more
thorough analysis of your results. :

Finally, you should know how important your contribution is to this study.
Without the dedication of professionals like yourself, this research would not
be completed.

1 have read and understand the explanation of the testing procedure and protocol.
I also understand that I can terminate my involvement in this study at any time.

Signature

El






APPENDIX F

Determination of Accuracy of Photocell Measurement System






As stated in section 4.4, the target vehicle true speed was measured using
a SUNX-RS-120H photocell, an RTI-815 analog acquisition board, and onboard
computer. Several tests were run o determine the accuracy of this system. A
Nicolet oscilloscope. triggered by electronic trip switches, was used as ;he
standard. The trip switches were placed next to the photocell reflector plates.
The Nicolet's timing resolution was set at 1 msec. The target vehicle covered
a 100 foot course at nominal speeds of 45 and 80 mph. Both the Nicolet and the
photocell system measured the time for the target vehicle to cover the 100 foot

course. The results are presented in Table F.1l.

Table F.l: Comparison of Photocell System and
Nicolet Time Measurements

Trial | Photocell | Nicolet | Time
Number Time Time Error
1 0.880 0.880 0.0
2 0.881 0.881 0.0
3 0.874 0.874 0.0
4 0.877 0.877 0.0
S 0.880 0.880 0.0
é 0.879 0.879 0.0
7 1.506 1.506 0.0
8 1.408 1.408 0.0

As seen in Table F.1, the photocell system and the Nicolet oscilloscope gave

the same exact times.
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APPENDIX G

Debriefing Guide and Results






1. Did you encounter any problems during the experiment?
(explain)

Had trouble with eye during ome day of the testing - probably would not
have run VASCAR on that day if on patrol.

Shadow of guard shack interfered with bridge study.

200 foot clocks - too short (n=3)

Stationary bridge clock - no anticipation time for the far shadow.
Reflective plates were not enough of a reference mark.

Had some trouble getting use to car. (did not use own vehicle)

Odometer module went out.

2. On the scale below, please indicate how realistic you feel the conditions
used in our study wers. .

Subject Number

Test Condition ) 1 2 3 4 5 6 7 8 Mean
Overall study 3 3 3 3 &4 3 4 3 3.25
Moving
Following .1 mile 4 4 2 3 S 4 5 3.5 3.81
Following .3 mile & 4 5 5 5 5 5 3.5 4.56
Leading .1 mile & 4 2 2 5 4 5 5 3.88
Leading .3 mile & &4 5 3 5 5 5 5 4.5
Angular
Ele, C. D, V.D, i
G S ] 1 1 1 1 1 4.5 1.58
G L s 4 2 2 2 5 & 3.17
G S L 1 1 1 3 1 & 1.83
G L L 5 3 4 &4 S5 4.5 §.25
E S S 1 1 1 1 1 4.5 1.58
E L S 5 2 2 2 5 4.5 3.42
E S L 1 1 1 3 1 .4.5 1.92
E L L 5 2 &4 5 5 4.5 4.25
Parking
200 Feet 1 1 1 2 1.25
1/10 mile 1 3 4 3 2.75
Bridge
Following
Short Gap 1 1 5 5 5 2 3.17
Long Gap 1 1 S5 5 &4 5 3.50
Parking
Direct Viewing 11 2 3 2 2 - 1.83
Indirect Viewing i 1 2 2 2 3 1.83
Night Moving 5 5 S5 5 5 5 5.00

Gl



What parts of the study were not realistic? (probe for specific situations)

Much of the information gathered from this qQuestion is embedded in the
table for question 2. From the table, the officers in general felr the 200
foot course distance clocks were not realistic. They felt it was too
short. They also did not think the parking portion of the bridge study was
realistic. They did not think the bridge shadow was wide enough. They
said they were reacting to the bridge shadow instead of anticipating it.

Other comments:
Competing against photocell - little more stressful than the real
world; the competition could make you better or worse depending on the
individual.
Following clock harder than leading clock - couldn't anticipate the
plate.
Angular clocking 200 foot distance - should align post with line of
sight of officer.

If you were to re-design this study, what would you change to improve it?

Make scaffolding higher and wider for bridge shadow.

Have a car leading target car in bridge study so you can anticipate when
the target vehicle is coming through bridge.

Parked portion of moving-stationary study - Place bridge shadows so you
could see both shadows, maybe elevate officer.

Lighter colored car would help with bridge shadow.

Moving study - seams in road as reference markers instead of reflecrtor
plate and cone.

Do longer clocks in moving study - half mile clocks would be better.
Better reference markers in angular study; white posts were hard ro see
when you're on the ground.

Minimum clocks should be .1 mile.

Better visibility for first bridge shadow on long clocks.

Do some testing on the highway - more realistic marks. )

In the moving study, use more definite references other than reflector
plates,

Have officers use their own equipment.

Get rid of short clocks.

More night testing - can use long stationary clocks at nighe.

Put tape all the way across the lane so the following clocks are more
anticipation instead of reaction.

White posts were hard to see when the sun was bright, a different color may
have been better.

For those runs you asked tc repeat, what was the usual reason you needed to
Tepeat them?

Missing clock - knew I missed clock (n=5)

Time measurement was either early or late; distance measurements were
almost always good. (n=2)

You know if you’ve hit the marks right or not.

Forgot to redial distance.

Used wrong marker - didn’t activate switch at right marker.
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6a.

6b.

Under what conditions in this study did you have the most confidence in
your clocks?

How about the least confidence?
Each subject was asked to rank the confidence level of their clocks

Subjects 1 and 2 participated in the moving and the moving-stationary
studies.

Subject 1 Subject 2
Moving
Following 1 1
Leading 2 2
Moving-Stationary
Following
Short Gap 3 3
Long Gap T4 4
Parking
Direct Vision 5 5
Indirect Visiom 6 6

Subjects 3, 4, 5, and 6 participated in the moving, moving-stationary,
angular, and parking studies.

Subject 3  Subject 4  Subject S Subject 6

Moving
Following
.1 mile 5 S ) 9
.3 mile 1 3 1 1
Leading
.1 mile 6 6 6 10
.3 mile 4 4 2 2
Moving-Stationary
Following
Short Gap 2 1 3 5
Long Gap 3 2 11 6
Parking
Direct Vision 12 : 8 17 7
Indirect Vision 13 9 18 8
Angular :
Ele; €D, V.D.
G S S 17 18 15 18
G L S 10 13 9 15
G S L 16 17 13 16
G L L 9 12 7 12
E S S 15 - 15 16 17
E L S 8 11 10 11
E S L 14 14 14 14
E L L 7 10 8 3
Parking -
200 Feet 18 16 12 13

1/10 mile 11 7 4 4
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Subjects 7 and 8 participated in the woving, angular, and 200 foot aligned post
studies.

Subject 7 Subject 8
Moving
Following
.1 mile 6 4
.3 mile S 3
Leading
.1 mile 8 2
.3 mile 7 1
Angular
Ele. C.D. V.D.
G "8 S 13 13
G L S 4 8
G S L 1l 11
G L L 2 7
E S S 10 10
E L S 3 6
E S L 9 9
E L L 1 5
200 foot aligned post 12 12
7. What reference markers were you using in each aspect of the stationary
study?

200 feet, ground level
post at start, plate at end
white posts (n=5)

200 feet, elevated
post at start, plate at end
yellow tape
plates (n=2)
white posts (n=2)

528 feet, ground level
white posts (n=6)

528 feet, elevated
white posts (n=4)
plates (n=2)

8. Do you have any other comments?

The tests given were harder than the real world

If officer makes good clocks under these conditions, then the clocks made
in real world will be good clocks. ‘
Situations presented force you to be sharper-keener.

In real world situations I give the violator the benefit of the doubt by
shutting their time off a little late.
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APPENDIX H

Subject Information






TABLE H.l: Selected Biographic and Anthropometric Characteristics

Subject Number

Characteristic 1 2 3 4 5 6 7 8
Age 39 50 39 25 40 29 26 36
Years On Force 11.5 27 16 3 10 1 5 10
Years Experience
Clocking Vehicles 11.5 27 16 3 9 1 5 7
Years Experience
With VASCAR 1.42 11 15 .83 7 .5 1 7
Corrected Visual
Acuity 20/10 20713 -.20/15 20715 20/13 20/13 20/15 20/13
Corrective Lenses yes yes yes no yes no no no
Purpose of Lenses Reading Reading Stigma. - Reading - - -
Seated Eye Height 49 49.75 46.5 47.25 46.75 48.5
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TABLE H.2:

Percentage Use and Typical Course Distances for VASCAR Methods

Subject 2
Percent Use Course Dis.

37.5 .1 - .3 mile
12.5 .1 mile
50.0 200 - 300 ft

Subject &
Percent Use Course Dis.

85.0 > 1 mile

15.0 2 1l mile

Subject 6

Percent Use Course Dis.

45.¢ .1 - 2 miles
2.5 .1 mile
2.5 .1 - .5 mile
2.5 .1 - .2 mile
2.5 .1 - .2 mile
450 .1 - .2 mile
Subject 8

Percent Use Course Dis.

Subject 1
Method Percent Use Course Dis.
Following Target Vehicle 2.375 300ft-.25mile
Opposite Direction .025 300 - 500 ft
Approaching from Rear 2.375 300ft-.25mile
Parking 95.0 99 - 300 ft
T-Intersection - -
Angular Clocking - -
Subject 3
‘Method Percent Use Course Dis.
Following Target Vehicle 90.0 1 - 3 miles
Opposite Direction - -
Approaching from Rear 10.0 1 - 3 miles
Parking - -
T-Intersection - -
Angular Clocking - -
Subject 5
Method Percent Use Course Dis.
Following Target Vehicle 22.5 .2 - .4 mile
Opposite Direction .25 .2 mile
Approaching from Rear 2.25 .3 mile
Parking 7.5 .1 mile
T-Intersection - -
Angular Clocking 67.5 .1 - .3 mile
Subject 7
Method Percent Use Course Dis.
Following Target Vehicle 29.7 2 .9 mile
Opposite Direction .3 .2 mile
Approaching from Rear - -
Parking _ - -
T-Intersection - -
Angular Clocking. 70.0 .2217 mile

H2
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APPENDIX I

Rawv Data and Statistical Results






Several statistical terms are used to present the results. The following
definitions will aid in understanding the results:

Mean - the mean is nothing more than the average; the arithmetic sum of all
values, divided by the total number of values in the data set:

- e (I.1L)
Mean :Jf--l;:xg
n&
Variance - is a measure of the variability of the data set:
(1.2

(-4
1 .y
52 =-———;: (x,-%)?
n-14 1

Standard Deviation - the square root of the variance; it is also a measure
of the variability of the data set.

Type 1 Error - falsely concluding that something is an effect (the
alternative hypothesis) when it is not.

p - the probability of committing a Type I error; p £ 0.05 is used to

determine if a variable is a statistically significant effect.

Mean Square Error - MSE; a measure of the unexplained errcr

MSE = Uhexplainsaévariacion (1.3)

Two Sided Upper 90th Percentile Tolerance Limit with a 95 Percent
Confidence - 95 percent of the population is below this limic; to calculate
a tolerance limiz, two conditions must be met.

1. All assignable causes of wvariability mus< be detected and
eliminated so the remaining variability may be considered random.

2. Certain assumptions must be made concerning the nature of the
statistical population under study - for this study a normal
distribution is assumed.

Upper 95% T.L = Mean + K x vMSE (1.4)
K is dependant on the number of samples ()

Observed Upper Nth Percentile - N percent of the data in the sample is
equal to or less than this value; if the Nth percentile is not an exact
sample point, then the -—alue is linearly interpolated between the data
points immediately below and immediately above the Nth percentile.
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For more thorough statistical definitions see (1]

1 Ostle, Bernard,

Statistics in Research, 2nd Edition. The Iowa State
University Press, 1963.
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TABLE 1.1 -- Raw Data for VASCAR Timing Mechanism Study

VASCAR Nicolet VASCAR VASCAR Time

Unit Time Time Calculated Error
Time
1 1.521 1.51 1.512 -0.009
1 1.296 1.26 1.26 -0.036
1 0.99 0.97 0.972 -0.018
1 0.91 0.9 0.9 -0.01
1 2.01 1.98 1.98 -0.03
1 2.662 2.66 2.664 0.002
1 3.108 3.09 3.096 -0.012
1 3.082 3.06 3.06 -0.022
1 2.696 2.66 2.664 -0.032
1 3.223 3.2 3.204 -0.019
1 2.586 2.55 2.556 -0.03
1 2.881 2.84 2844 -0.037
1 1.405 1.36 1.368 -0.037
1 1.671 1.65 1.656 -0.015
1 1.118 1.11 1.116 -0.002
1 1.346 1.33 1.332 -0.014
1 1.137 1.11 1.116 -0.021
1 2.412 2.37 2.376 -0.036
1 3.484 3.45 3.456 +0.028
1 2.436 2.41 2.412 -0.024
1 1.689 1.65 1.656 -0.033
1 2.599 2.59 2.592 -0.007
1 2.807 2.77 2.772 -0.035
1 2.072 2.05 2.052 -0.02
1 1.679 1.65 1.656 -0.023
1 2.134 2.12 2.124 -0.01
1 1.984 1.94 1.%44 -0.04
1 1.936 1.9 1.908 -0.028
1 2.532 2.52 2.52 -0.012
1 0.882 0.86 0.864 -0.018
1 1.386 1.36 1.368 -0.018
1 1.709 1.69 1.692 -0.017
1 2.098 2.08 2.088 -0.01
1 3.444 3.42 3.42 -0.024
1 2.18 2.16 2.16 -0.02
1 1.919 1.9 1.908 -0.011
1 1.451 1.44 1.44 -0.011
1 1.332 1.29 1.296 -0.036
1 2.806 2.77 2.772 -0.034
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TABLE I.1 -- Raw Data for VASCAR Timing Mechanism Study (Continued)

VASCAR Nicolet VASCAR VASCAR Time

Unit Time Time Calculated Error
Time
1 2.251 2.23 2.232 -0.019
1 2.523 2.48 2.484 -0.039
1 3.843 3.81 3.816 -0.027
1 3.53¢9 3.52 3.528 -0.011
1 3.48 3.45 3.456 -0.024
1 2.083 2.05 2.052 -0.031
1 3.82¢9 3.81 3.816 -0.013
1 3.617 3.6 3.6 -0.017
1 1.161 1.15 1.152 -0.009
1 1.739 1.72 1.728 -0.0112
1 2.911 2.88 2.88 -0.031
1 2.231 2.19 2.19¢6 -0.035
1 2.487 2.44 2.448 -0.039
1 1.535 1.51 1.512 -0.023
1 0.999 0.97 0.972 -0.027
1 2.748 2.73 2.736 -0.012
1 3.302 3.27 3.276 -0.026
1 3.641 3.6 3.6 -0.041
1 2.503 2.48 2.484 -0.019
2 1.521 1.51 1.512 -0.009
2 1.29¢ 1.29 1.296 -2.2E-16
2 0.99 0.97 0.972  -0.01}
2 0.91 0.9 0.9 -0.¢1
2 2.01 1.98 1.98 -0.03
2 2.662 2.66 2.664 0.002
2 3.108 3.09 3.096 -0.012
2 3.082 3.06 3.06 -0.022
2 2.696 2.66 2.664 -0.032
2 3.223 3.2 3.204 -0.019
2 2.586 2.55 2.556 -0.03
2 2.881 2.84 2.844 -0.037
2 1.405 1.36 1.368 -0.037
2 1.671 1.65 1.656 -0.015
2 1.118 1.08 1.08 -0.038
2 1.346 1.33 1.332 -0.014
2 1.137 1.11 1.116  -0.021
2 2.412 2.37 2.376 -0.036
2 3.484 3.45 3.456 -0.028
2 2.436 2.41 2.412 -0.024
2 1.689 1.65 1.656 -0.033
2 2.59¢9 2.59 2.592 ° -0.007
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TABLE I.l1 -- Raw Data for VASCAR Timing Mechanism Study (Continued)

VASCAR Nicolet VASCAR VASCAR Time

Unit Time Time Calculated Error
Time

2 2.807 2.77 2.772 -0.035
2 2.072 2.05 2.052 -0.02
2 1.679 1.65 1.656 -0.023
2 2.134 2.12 2.124 -0.01
2 1.984 1.94 1.944 -0.04
2 1.936 1.9 1.908 -0.028
2 2.532 2.52 2.52 -0.012
2 0.882 0.86 0.864 -0.018
2 1.386 1.36 1.368 -0.018
2 1.709 1.69 1.692 -0.017
2 2.098 2.08 2.088 -0.01
2 3.444 3.42 3.42 -0.024
2 2.18 2.16 2.16 -0.02
2 1.919 1.9 1.908 -0.011
2 1.451 1.44 1.44 -0.011
2 1.332 1.29 1.296 -0.036
2 2.806 2.77 2.772 -0.034
2 2.251 2.23 2.232 -0.019
2 2.523 2.48 2.484 -0.039
2 3.843 3.81 3.816 -0.027
2 3.539 3.52 3.528 -0.011
2 - 3.48 3.45 3.456 -0.024
2 2.083 2.05 2.052 -0.031
2 3.829 3.81 3.816 -0.013
2 3.617 3.6 3.6 -0.017
2 1.161 1.15 1.152 -0.009
2 1.739 1.72 1.728 -0.011
2 2.911 - 2.88 2.88 -0.031
2 2.231 2.19 2.196 -0.035
2 2.487 2.44 2.448 -0.039
2 1.535 1.51 1.512 -0.023 ,
2 0.999 0.97 0.972 -0.027 -
2 2.748 2.73 2.736 -0.012
2 3.302 3.27 3.276 -0.026
2 3.641 3.6 3.6 -0.041
2 2.503 2.48 2.484 -0.019
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TABLE I.2 -- Raw Data for the Distance Measurement Study

Subject  True True Dist VASCAR Distance § Distance

Number Distance Recoded Distance Error Error
1. 0.5 3 0.5 0 0
1 0.5 3 0.5 0 0
1 0.5 3 0.5002 0.0002 0.04
1 0.5 3 0.5001 0.0001 0.02
1 0.1 2 0.1 0 0
1 0.1 2 0.1001 0.0001 0.1
1 0.1 2 0.1 0 0
1 0.1 2 0.1001 0.0001 0.1
1 0.03787 1 0.0379 0.000021 0.056
1 0.037878 1 0.0378 -0.00007 -0.208
1 0.037878 1 0.0379 0.000021 0.056
1 0.037878 1 .0.0379 0.000021 0.056
2 0.5 3 0.5001. 0.0001 0.02
2 0.5 3 0.5001 0.0001 0.02
2 0.5 3 0.5 0 0
2 0.5 3 0.5002 0.0002 0.04
2 0.1 2 0.1 0 0
2 0.1 2 0.1 0 0
2 0.1 2 0.1 0 0]
2 0.1 2 0.1001 0.0001 0.1
2 0.03787 1 0.0378 -0.00007 -0.208
2 0.037878 1 0.0378 -0.00007 -0.208
2 0.037878 1 0.0379 0.000021 0.056
2 0.037878 1 0.0378 -0.00007 -0.208
3 0.5 3 0.4998 -0.0002 -0.04
3 0.5 3 0.4998 -0.0002 -0.04
3 0.5 3 0.5001 0.0001 0.02
3 0.5 3 0.5002 0.0002 0.04
3 0.1 2 0.1 0 0
3 0.1 2 0.1001 0.0001 0.1
3 0.1 2 0.0999 -0.0001 -0.1
3 0.1 2 0.1 0 0]
3 0.037878 1 0.0379 0.000021 0.056
3 0.037878 1 0.0379 0.000021 0.056
3 0.037878 1 0.038 0.000121 0.32
3 0.037878 1 0.0379 0.000021 0.056
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TABLE I.2 -- Raw Data for the Distance Measurement Study (Continued)

Subject True True Dist VASCAR Distance % Distance

Number Distance Recoded Distance Error Error
4 0.5 3 0.5 0 0
4 0.5 3 0.5 0 0
4 0.5 3 0.5001 0.0001 0.02
4 0.5 3 0.5001 0.0001 0.02
4 0.1 2 0.1 0 0
4 0.1 2 0.1 0 0
4 0.1 2 0.1001 0.0001 0.1
4 0.1 2 0.1 0 0
4 0.03787 1 0.0379 0.000021 0.056
4 0.037878 1 0.0378 -0.00007 -0.208
4 0.037878 1 0.0379 0.000021 0.056
4 0.037878 1 0.0379 0.000021 0.056
5 0.5 3 0.4999 -0.0001 -0.02
5 0.5 3 0.5001 0.0001 0.02
5 0.5 3 0.5002 0.0002 0.04
5 0.5 3 0.5003 0.0003 0.06
5 0.1 2 0.1 0 0
5 0.1 2 0.1 0 o]
5 0.1 2 0.1 0] 0]
5 0.1 2 0.1 0 0
5 0.037878 1 0.0378 -0.00007 -0.208
5 0.037878 1 0.0379 0.000021 0.0S
5 0.037878 1 0.0378 -0.00007 -0.208
5 0.037878 1 0.0378 -0.00007 -0.208
6 0.5 3 0.4999 -0.0001 -0.02
6 0.5 3 0.5001 0.0001 0.02
6 0.5 3 0.5002 0.0002 0.04
6 0.5 3 0.5002 0.0002 0.04
6 0.1 2 0.0999 -0.0001 -0.1
6 0.1 2 0.1001 0.0001 0.1
6 0.1 2 0.1 0 0
6 0.1 2 0.1001 0.0001 0.1
6 0.037878 1 0.0378 -0.00007 -0.208
6 0.037878 1 0.0378 -0.00007 -0.208
6 0.037878 1 0.0379 0.000021 0.056
6 0.037878 1 0.0379 0.000021 0.056
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TABLE I.3 -- Summary of Speed Measurement Experiments

All Upper 9C2
Subjects Tolerance Observed Observed

S1 82 Ss3 Sé SS S6 s7 S8 Combined Limit 952-tile 992-tile
Moving N 4“3 48 48 48 48 48 48 48 384
. Mean -0.291 0.377 0.092 0.183 0.206 0.014 ~0.137 0.054 0.062
SD 0.966 0.744 0.824 0.680 0.891 0.694 0.914 0.887 0.872 1.471 1.271 2.396
Moving- N 24 24 24 24 24 24 24 24 192
Following Mean -0.657 0.431 -G.253 0.217 -0.077 -0.036 -0.362 -0.218 -0.119
Method SD 1.033 0.839 0.952 0.789 0.893 0.715 1.166 1.133 0.991 1.5%0 0.943 2.407
Moving- N 24 24 24 24 24 24 24 24 192
Leading Mean 0.076 0.324 0.437 0.148 0.488 0.064 0.087 0.326 0.244
Method SD 0.749 0.649 0.768 0.566 0.685 0.684 0.598 0.742 0.6S0 1.29:1 1.418 2.106
Naighe N 6 [ € 6 s 6 36
Moving Mean 0.148 0.060 0.6S1 0.392 0.553 0.145 0.332
SD 0.297 0.451 ©0.681 0.232 0.679 0.206 0.493 1.048 L4652 1.824
Bridge- N 8 8 12 1 8 8 56
Movang Mean 0.257 0.594 0.233 -0.004 0.188 0.367 0.252
sSD 1.012 0.389 0.304 0.605 0.553 0.615 0.602 1.308 1.288 1.544
Bridge- N 8 8 12 11 8 8 55
Station- Mean 2.238 0.816 0.467 0.7% 0.965 0.948 0.975
ary SD 1.271 0.6421 0.326 2.363 0.506 0.642 C.83¢ 1.872 2.3%¢ 3.791
Park N 12 12 12 12 48
Mean 1.47) -0.859 -2.072 -0.565 -0.508
sD 2.816 2.145 2.100 2.027 2.566 1.986 3.350 4.334
Angular N 96 96 96 S6 96 96 576
Mearn -0.088 0.183 0.372 1.667 0.524 1.791 0.738
sD 0.872 1.417 2.107 2,48 1.621 2.137 1.992 3.966 4. E52 7.332
Al:gn N 12 12 24
Mean =0.572 0.447 -0.0€3
sD ' 1.601 1.877 1.78¢ 3.85%8 2.688 2.377
Entire N - 1180
Study ¢+ Mean ; 0.426

sD 1.645 NA 3.708 6.439
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TABLE I.4 -- Moving Summary Statistics

VASCAR Course Nominal

Upper

90% Observed Observed

19

Method Distance Speed N Mean Limit 95%-tile 99s3-tile MSE Variance K
Overall 384 0.062 1.471 1.271 2.396 0.6469 0.760 1.752
Following 192 -0.119 1.550 0.943 2.407 0.8577 0.983 1.802
Approach from Rear 192 0.244 1.291 1.418 2.106 0.3382 0.476 1.802
Following 0.1 96 -0.309 2.139 1.143 2.943 1.6957 1.696 1.880
Following 0.3 96 €.070 0.985 0.581 0.908 ©.2371 0.207 1.880
App. Rear 0.1 96 0.236 1.596 1.678 2.566 00,5232 0.808 1.880
App. Rear 0.3 96 0.251 0.730 0.796 1.358 0.0648 0.148 1.880
Following 0.1 45 32 -0.067 1.113 0.725 0.974 0.3096 0.403 2.120
App. Rear 0.1 45 32 0.222 1.334 1.135 1.249 0.2751 0.2%4 2.120
Following 0.1 60 32 0.079 1.470 1.069 1.493 0.4302 0.543 2.120
App. Rear 0.1 60 32 -0.077 1.789 1.504 1.728 0.7751 0.838 2.120
Following 0.1 80 32 -0.939 3.138 2.384 3.183 3.6987 3.627 2.120
App. Rear 0.1 80 32 0.464 2.787 2.267 2.581 1.2010 1.132 2.120
Following 0.3 45 32 0.124 0.543 0.358 0.664 0.0269 0.039 2.120
App. Rear 0.3 45 32 0.209 0.669 0.575 0.586 0.0293 0.047 2.120
Following 0.3 60 32 0.095 0.592 0.473 0.577 0.0549 0.080 2.120
App. Rear 0.3 60 32 0.141 0.890 0.699 0.783 0.1249 0.143 2.120
Following 0.3 80 32 -0.071 1.632 0.813 0.988 0.6451 0.505 2.120
App. Rear 0.3 80 32 0.404 1.427 1.169 1.467 0.2329 0.225 2.120



Moving Study (all conditions combined)
A. Variables
Course Distance
Nominal Speed
VASCAR Method
Subject Number
Groups
Replication
B. Significant Effects (p < 0.05)

Subject Number - see summary of experiment

Course Distance

Course Mean
Distance | Error

.1 -.04
.3 .16

VASCAR Method

VASCAR Mean
Method Error

Following .12
Leading .26

Course Distance x Method

Mean Error
Course
Distance | Following Approach from
Rear
.1 -.31 .26
.3 .07 .25

Nominal Speed x Method

Mean Error
Nominal
Speed Following | Approach from
Rear
45 .03 .22
60 .09 .03
80 -.47 .48

Course Distance x Speed x Method - see Moving Summary Statistics on
previous page

I10



Moving Study - Analysis by Method

A. Significant Effects for Following Method (p £ 0.05)

Course Distance

Nominal Speed
Subject Number
Course Distance x Nominal Speed

Mean Speed Error
Course
Distance 45 60 80
K -.07 .08 | -.96
3 .12 .09 | -.01

B. Significant Effects for Leading Method (p £ 0.05)

Nominal Speed

I11



The following list of definitions explain the titie headings found in the
raw data listings:

SubNum -

SessNum -

RepNum -

Repeat# -

TrialNo -
CrsDist -

CrsDistR-

RefType -

VMethod
NomSpd -

DsrdSpd -

NoAttemp-

TrueTime-
TrﬁeSpd -
VASspeed-
VAStime -
VASdist -
VehGap -
VehGapR -

VisMode -

VisModeR-

Elevatn -

Subject Number

Session Number, the number given to each study (i.e., moving,
bridge, etc.)

Replicate Number

Repeat Number, used only in bridge study, subjects 1 and 2 made
repeats instead of replicates

Trial Number
Course Distance

Course Distance Recoded, represents the course distance - used
for statistical analysis

Reference Type

VASCAR Method, wused in moving study, 1 = following. 2 =
Approaching from the Rear

Nominal Speed, represents the desired speed for statistical
analysis

Desired Speed in mph
Number of Attempts necessary to complete an acceptable clock -

acceptability based on subject’s assessment of the accuracy of
his clock

True Time, measured by photocell system

True Speed, calculated using known distance and true time
VASCAR displayed speed

VASCAR time

VASCAR Distance

Vehicle Gap, distance between target vehicle and police cruiser

Vehicle Gap Recoded, used for statistical analysis

Visual Mode, method of viewing target vehicle, direct and
indirect (mirrors)

Visual Mode Recoded, used for statistical analivsis

Elevation, subject elevation, used in angular studv, 1 = ground,

2 = elevated

112



ViewDist- Viewing Distance, used in angular study, 1 = 200 feet, 2 = 528
feet '
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TABLE 1.6 -- Night Moving Summary Statistics
Upper

VASCAR Course Nominal 90% Observed Observed

Method Distance Speed N Mean Limit 95%-tile 99%-tile MSE Variance K
Night Moving - Overall 36 0.322 1.046 1.450 1.824 0.1176 0.243 2.082
Following 0.3 45 12 0.128 0.477 0.412 0.466 0.0173 0.055 2.655
Following 0.3 60 12 0.120 1.020 0.391 0.397 0.1148 0.102 2.655
Following 0.3 80 12 0.748 1.994 1.784 1.862 0.2204 0.331 2.655
Similar Day Clocks - Subjects, Distance, Speeds

Upper
VASCAR  Course Nominal 90% Observed Observed
Method .Distance Speed N Mean Limit 95%-tile 993-tile MSE Variance K
Day Moving - Overall 72 0.059 0.987 0.696 0.953 0.2325 0.248 1.924
Following 0.3 45 26 0.122 0.584 0.295 0.655 0.0432 0.044 2.225
Following 0.3 60 24 0.142 0.676 0.438 0.503 0.0575 0.057 2.225
Following 0.3 80 246 -0.085 1.793 0.874 0.998 0.7121 0.632 2.225
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Nighttime Moving Study
A. Variables
Subject Number
Nominal Speed
Light Condition
B. Significant Effects (p £ 0.05)

Light Condition

Light Mean
Ccondition | Error

Day .059
Night .27

Light Condition x Nominal Sﬁeed

Mean Speed Error
Light
Condition 45 &0 80
Day .122 162 | -.085
Night -.044 .120 748

C. Nearly Significant Effects

Nominal Speed (¢ = .07)

Nominal | Mean
Speed Error
45 .066
60 L1346
80 .163
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TABLE I.8 -- Bridge - Moving Portion Summary Statistics
Upper

VASCAR Nominal Vehicle 90% Observed Observed

Method  Speed Gap N Mean Limit 95%-tile 99%-tile MSE Variance K

Bridge Moving - Overall s6 0.251 1.308 1.296 1.544 0.2874 0.362 1.972
Following 60 both 28 0.158 1.353 0.942 1.179 0.3046 0.349 2.165
Following 80 both 28 0.344 1.469 1.486 1.577 0.2702 0.371 2.165
Following 60 short 14 0.265 1.354 0.902 0.976 0.1854 0.392 2.529
Following 60 long 14 0.051 1.697 0.899 1.180 0.4237 0.372 2.529
Following 80 short 14 0.404 1.932 1.315 1.457 0.365%1 0.262 2.529
Following 80 long 14 0.285 1.344 1.516 1.591 0.1753 0.500 2.529
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Bridge Study - Moving Portion
A. Variables
Subject Number
Nominal Speed
Vehicle Gap
B. Significant Effects (p < 0.05)

Subject x Nominal Speed

Mean Error
Subject 60 80
Number mph mph
1 -.412 .925
2 562 .525
3 .203 .262
'3 -.074 .066
5 .040 .356
[ .096 .637

C. Nearly Significant Effects

Subject x Vehicle Gap p = 0.09
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TABLE I1.10 -- Bridge - Stationary Portion Summary Statistics

Upper

VASCAR Nominal Visual 90% Observed Observed

Method Speed Method N Mean Limit 95%-tile 99%-tile MSE Variance K
Bridge Stationary-All 55 0.975 1.673 2.396 3.791 0.1246 0.691 1.976
Parking 60 Direct 14 0.521 1.308 1.109 1.429 0.0969 0.184 2.529
Parking 60 Indirect 13 0.717 1.713 1.259 1.973 0.1481 0.224 2.587
Parking 80 Direct 14 1.288 2.094 3.715 3.993 0.1017 1.419 2.529
Parking 80 Indirect 14 1.355 2.349  2.406 2.994 0.1545 0.494 2.529

———
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Bridge Study - Stationary Portion
A. Variables
Subject Number
Visual Mode
Nominal Speed
B. Significant Effects

Subject Number - see summary of experiment

Nominal Speed

Nominal | Mean
Speed Error
60 .616
80 1.322

Subject Number x Visual Mode
Subject Number x Nominal Speed

Subject Number x Visual Mode x Nominal Speed
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TABLE 1.12 -- Park - Summary Statistics

VASCAR Course

Nominal

Upper
90% Observed Observed

Method Distance Speed N Mean Limit 95%-tile 99%-tile MSE Variance K

Parked - Overall 48 -0.506 1.996 3.350 4.334 1.5554 6.583 2.006
Parked 200 ft 24 -1.403 4.229  3.358  4.739 6.4079 9.454 2.225
Parked 528 ft 26 0.391 3.875 2.706 3.264 2.4516 2.318 2.225
Parked 200 ft 60 12 -0.522 3.909 4.061 4.947 2.7839 8.296 2.655
Parked 200 ft g0 12 -2.285 8.076 1.939 3.083 15.2304 9.777 2.855
Parked 528 ft 60 12 0.123 1.955 1.378 1.740 0.4761 1.131 2.655
Parked 528 ft 80 12 0.659 5.821 3.008 3.350 3.7801 3.379 2.655
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Parked Study

A, Variables
Subject Number
Replications
Course Distance
Nominal Speed

B. Significant Effects (p £ 0.05)
Subject Number - see summary of experiment

C. Nearly Significant Effects

Course Distance x Nominal Speed (p = .07)
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TABLE I.1i4 -- Angular - Summary Statistics

Upper
View Eleva- Course Nom. 90% Observed Observed
Dist. tion Dist. Speed N Mean Limit 95%-tile 99%-tile MSE Variance K
Angular - Overall 576 0.738 3.906 4.650 7.332 3.3501 3.967 1.731
200 288 1.787 3.775 6.230 7.954 1.2617 5.227 1.770
528 288 -0.311 0.853 0.667 1.209 0.4226 0.511 1.770
200 45 96 1.134 3.142 3.742 4.178 1.1403 2.250 1.880
200 60 96 1.904 4.600. 4.925 5.955 2.0566 3.885 1.880
200" "80 96 2.323 6.586 7.376 8.333 5.1401 8§.922 1.880
528 45 96 -0.064 0.683 0.600 1.076 0.1578 0.170 1.880
528 60 96 -0.169 0.756 0.677 0.938 0.2419 0.305 1.880
528 80 96 -0.700 0.798 0.730 1.264 0.6353 0.835 1.880
200 Ground 200 45 24 1.805 4.186 3.982 4.148 1.1458 2.465 2.225
200 Elevated 200 45 24 1.346 4.685 4.035 4.563 2.2516 3.538 2.225
528 Ground 200 45 24 1.002 2.823 2.63¢ 2.944 0.6718 1.128 2.225
528 Elevated 200 45 24 1.019 2.681 1.678 1.790 0.5585 1.038 2.225
200 Ground 200 60 24 2.768 5.850 5.672 6.792 1.9185 5.211 2.225
200 Elevated 200 60 24 1.782 5.941 4.748 5.682 3.49372 5.502 2.225
528 Ground 200 60 24 1.277 3.784 3.550 4.736 1.2698 2.469 2,225
528 Elevated 200 60 24 1.790 4.082 3.636 4.629 1.0609 1.646 2.225
200 Ground 200 80 24 3.260 8.692 7.981 9.652 5.9597 10.460 2.225
200 Elevated 200 80 24 2.591 8.482 7.768 8.243 7.0091 13.165 2.225
528 Ground 200 80 24 1.646 4.532 4.637 5.182 1.6819 4.664 2.225
528 Elevated 200 80 24 1.796 7.399 6.721 7.492 6.3410 6.806 2.225
200 Ground 528 45 24 -0.123 0.872 0.593 0.790 0.2401 0.239 2.225
200 Elevated 528 45 24 -0.127 0.715 0.529 0.980 0.1433 0.204 2.225
528 Ground 528 45 24 -0.030 0.872 0.560 0.959 0.1433 0.143 2.225
528 Elevated 528 45 24 -0.035 0.478 0.513 0.733 0.0531 0.097 2.225
200 Ground 528 60 24 -0.130 0.871 0.590 0.689 0.2023 0.196 2.225
200 Elevated 528 60 24 -0.243 0.992 0.840 1.682 0.3081 0.459 2.225
528 Ground 528 60 24 -0.167 1.056 0.744 0.896 0.3023 0.356 2.225
528 Elevated 528 60 24 -0.136 0.943 0.425 0.567 0.2351 0.241 2.225
200 Ground 528 80 24 -0.881 1.318 1.035 1.319 0.9766 1.135 2.225
200 Elevated 528 80 24 -0.834 0.819 0.310 0.525 0.5520 0.597 2.225
528 Ground 528 80 24 -0.437 1.419 0.512 1.090 0.5879 0.696 2.225
528 Elevated 528 80 24 -0.649 0.839 0.930 1.119 0.4472 0.895 2.225




Angular Study
A. Variables

Group

Subjects
Replicates
Course Distance
Nominal Speed
Viewing Distance
Elevation

B. Significant Effects (p £ 0.05)

Subject Number

Viewing Distance

Course Distance

Group x Viewing Distance

Group x Course Distance

Viewing Distance x Course Distance

Course Distance x Nominal Speed

Group x Viewing Distance x Course Distance

c. Nearly Significant Effects

Viewing Distance x Elevation x Course Distance (p = 0.08)

[N
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Angular Study - Analysis by Course Distance
A. Significant Effects for 200 Foot Course Distance

Subject Number - see summary of experiment

Replications
Replicste | Mean Speed
Nunber Error
1 2.119
2 1.883
3 2.042
4 1.104
Viewing Distance
Viewing Mean Speed
Distance Error
200 ft 2.258
528 ft 1.316

Group x Viewing Distance

Mean Speed Error
Viewing
Distance | Group 1 Group 2
200 ft 406 3.185
528 ft 475 1.736

Nominal Speed

Nominal | Mean Speed
Speed Error
45 1.134
60 1.904
80 2.323
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Significant Effects for 528 Foot Course Distance
Subject Number - see summary of experiment

Viewing Distance

Viewing Mean Speed
Distance Error
200 ft -0.390
528 ft -0.233

Nominal Speed

Nominal | Mean Speed
Speed Error
45 -0.064
60 -0.169
80 -0.700

Group x Viewing Distance x Elevation

Mean Speed Error

Viewing Grouwp 1 Group 2
Distance

ground | elevated | ground elevated

200 ft -0.510 -0.116 -0.312 -0.230
528 ft -0.355 -0.488 -0.424 -0.166
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TABLE I.16 -- Reference Marker Alignment - Summary Statistics
. Upper
View Eleva- Course Nom. 90% Observed Observed
Dist. tion Dist. Speed N Mean Limit 95%-tile 99%-tile MSE Variance K

Align - Overall 24 -0.063 3.999 2.698 2.877 3.3320 3.182 2.225

200 Ground 200 45 8 -0.346 5.181 0.901 0.954 3.1064 1.629 3.136
200 Ground 200 60 8 0.199 4.953 2.169 2.373 2.3753 1.797 3.136
200 Ground 200 80 8 0.040 4.276 3.442 3.802 1.8244 6.887 3.136
Upper
View Eleva- Course Nom. 90% Observed Observed

Dist. tion Dist. Speed N Mean Limit 95%-tile 99%-tile MSE Variance K

Angular - Comparable 24 3.479 8.492 6.372 7.137 5.0754 4.183 2.225
Conditions

200 Ground 20C 45 8 2.444 7.472 3.887 4.120 2.5710 2.057 3.136
200 Ground 200 60 8 3.886 6.027 5.359 5.729 0.4661 1.480 3.136
200 Ground 200 80 8 4.109 13.054 6.989 7.282 8.1365 8.339 3.136




Reference Marker Alignment Study - Aligned vs. Unaligned Reference Marks
A. Variables
Subject Number
Nominal Speed
Replication
Alignment
B. Significant Effects (p £ 0.05)

Alignment

Alignment | Mean
Error

Not Aligned| 3.479
Aligned |-0.063

Subject Number- see summary of experiment
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APPENDIX J

A Second Statistical Analysis






-

A second statistical analysis was performed to determine statisiically
significant variables. This analysis took into account the lack of complete
randomization for the different studies. The lack of complete randomization
created what is called a split-plot experimental design. The statistical
analysis in the body of the report did not examine the effect of the split-plot
design. The results of this second analysis (w/ split-plot) is compared to the
results of the first analysis (w/o split-plot) in Table J.1.

Table J.1 -- Comparison of Statistical Analyses With and With Out
Split-Plot

Statistically Significant Variables

Study w/ split-ptot w/o split-plot
Moving Subjects Subjects
Distance x Method Method
Speed x Distance x Method Distance
Speed x Method

Distance x Method
Speed x Distance x Method

Reference Marker

Atignment Alignment Aligrment
Subjects
Parking * subjects Subjects
Speed x Distance Speed x Distance -nearly
significant
Angular - Subjects Subjects
(see note) Replicate Distance
Distance x Viewing Distance Subject x Distance
Distance x Speed Distance x Speed

Note - The analyses for the angular study presented in Table J.1 do mot
include group effects.

The results presented in Table J.l show that the two analyses are very
similar. Since this was the case, it was decided not to pursue the split-plot

analysis . further.
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APPENDIX K

Preliminary Study Results






OBJECTIVE

The main objective of this preliminary evaluation was to determine the
accuracy of the VASCAR-plus hardware, without including the human factors
involved with typical usage. A secondary objective was to compare user operated
VASCAR speed measurements to "true” average speed measurements. The results of

these tests must be considered preliminary.

TEST PROCEDURE

To check the accuracy of the drive in distance method, officers A and B were
asked to drive in distances between two sets of reference points. The first set
of reference points were 240 feet apart, the second set were 440 feet apart. The
accuracy of these distances is +/- 1/2 inch. Each officer was asked to drive in
the distance 5 times. The officers set the VASCAR units to display the measured
distance to the nearest foot. [It was later discovered that this set up for the
display was not the highest resolution VASCAR can achieve. It has a higher

resolution when the distance is displayed in miles.]

To test the accuracy of the timing mechanism of the VASCAR-plus, a vehicle
was driven repeatedly over a known distance (in this case a separate course which
was measured to be 439 feet 8-9/16 inches) at three different nominal speeds (35,
55, and 65 mph). A separate VASCAR-plus unit and a Nicolet oscilloscope were
wired to two electronic trip switches; one at the beginning of the course, and
one at the end. The trip switches were tripped by the vehicle tires rolling over
them. Since both the front and rear tires will cause the trip switches to trip,
a "flip-flop" circuit was used to insure that only the front tire of the vehicle
would trip the Nicolet and the VASCAR-plus timing mechanism. [It was later
discovered that the flip-flop circuit and the VASCAR-plus timing mechanism were
incompatible. The flip flop circuit induced inconsistent timing delays in the
VASCAR timing mechanism that were not .found in later bench tests conducted
without the flip-flop circuit. The flip-flop circuit did not affect the Nicolet

3 -

timing mechanism. )

The VASCAR-plus manual states that the device collects data every 36
milliseconds (msec). The Nicolet can collect data at user selected time

increments. For the 35 mph tests, the Nicolet sample interval was set at 2 msec,

Kl



and for the 55 and 65 mph tests, a sample interval of 1 msec was chosen. These
Nicoletr sample rates yvield a speed measurement resolution of .014 mph or better,

so the Nicolet times were taken as the true times and the VASCAR- -plus times were
compared to them. The trip switches and the flip-flop board reaction times were
at least 100 times less than the Nicolet sample intervals used, so they did not
introduce significant error for the Nicolet time measurements. The flip-flop

circuit measured reaction times are given in the attachment to this appendix.

Officers A and B also measured the vehicle speed during the above tests, as
well as others. The officers first entered the course distance using the "drive-
in" method. They then were positioned approximately 300 feet away from the
center of the course (see Figure K.1). Officer A was in a squad car elevated
approximately 7 feet above the ground, while officer B was in a car at ground
level. Poles were positioned at the beginning and the end of the course, so the
officers had good reference markers. The officers watched the vehicle pass the
poles. As the vehicle passed the first pole, the officers switched on the red
time toggle switch, and as it passed the second pole, they switched it off. The
VASCAR-plus computer then calculated the speed based on the entered distance and
the time the red time switch was on. These speeds were recorded and compared to
the Nicolet calculated speeds which were based on dividing the distance of the

course by the Nicolet recorded time.

The officers also recorded speeds on a 200 foot course. The officers were
again positioned near the center of the course, but dffice* A was positioned
right next to the course and officer B was positioned approximately 150 feet away
(see Figure K.2). The officers objected to these conditions The reference
markers for this course were yellow strips of tape that were placed on the ground
at the beginning and end of the course. The officer measured the speed the same
way as described before. Nominal speeds of 35 and 60 mph ‘were used on this
course. The Nicolet and trip switches were also used on this course to measure
the true speed. The Nicolet sample interval was 1 msec for the 35 mph tests and

.5 msec for the 60 mph tests. Again, the officers’ speeds were recorded and

compared to the Nicolet’s calculated speed.
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PRESENTATION OF RESULTS

The results of the distance measurements performed by officers A and B are
shown in Table K.1. The left half of the table is for the 240 foot distance,
while the right half is for the 440 foot distance. The mean and standard

deviation for each distance and for each officer are presented at the bottom of

the table.
TABLE K.1
Distance Measurement Using VASCAR-plus
Officer Measurement Officer Measurement
of 240 Foot of 440 Foot
Distance Using VASCAR-plus Distance Using VASCAR-plus
Officer A Officer B Officer A Officer B
239 239 441 440
240 239 440 440
240 240 442 441
241 239 440 439
261 _239 441 _440
Mean 240.2 239.2 440.8 440
Standard Deviation 0.84 0.45 0.84 .71

The Nicolet and VASCAR-plus time measurements for the 35 mph tesgts om the
439 feet 8-9/16 ineh (439.71 feet) course are compared in Table K.2. Both the
Nicolet and VASCAR were triggered with the same electronic switches, so no human
factors were involved in the time measurements. The Nicolet times are presentedv
in the first column and the VASCAR-plus times are in the second column. Time
error (VASCAR time - Nicolet Time) is presented in the third column and the
percent time error is presented in the fourth column.

.Nicolet and VASCAR velocities that were calculated using the time values in
Table K.2 and the course distance (439.71 feet) are compared in Table K.3.

Tables for the 55 and 65 mph tests are in the attachment to this appendix.
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TABLE K.2
Comparison of NICOLET and VASCAR Time Measurements

NOMINAL SPEED = 35 mph
DISTANCE = 439.71 ft

Percent
Nicolet VASCAR Time Time
2 ms ripped Error Error
8.282 8.24 -0.042 -0.51
8.566 8.53 -0.036 -0.42
8.552 8.49 -0.062 -0.72
8.31¢ 8.28 -0.036 -0.43
8.490 8.46 -0.030 -0.35
8.408 8.35 -0.058 -0.69
8.400 8.35 -0.050 -0.60
8.244 8.20 -0.044 -0.53
8.246 8.20 -0.046 -0.56
8.340 8§.31 -0.030 -0.36
Mean 8.384 8.34 -0.043 -0.52
Standard Deviation 0.120 0.119 0.011 0.12¢9
TABLE K.3
Comparison of NICOLET and VASCAR Velocity Calculations
NOMINAL SPEED = 35 mph
DISTANCE = 439.71 ft
Percent
Nicolet VASCAR Speed Speed
Calculation Calculation Error Error
36.20 36.38 0.1853 0.51
35.00 35.15 0.148 0.42
35.06 35.31 0.256 0.73
36.05 36.21 0.157 0.43
35.31 35.44 0.125 0.35
35.66 35.90 0.248 0.69
35.69 35.90 0.214 0.60
36.37 36.56 0.195 0.54
36.36 36.56 0.204 0.56
35.95 36.08 0.130 0.36
Mean 35.76 35.95 0.186 0.52
Standard Deviation 0.508 0.510 0.046 0.130

The mean absolute and percent differences between the Nicolet and VASCAR

computed velocities for the 35, 55, and 65 mph tests are listed in Table K.&.
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TABLE

K.4

Mean Errors and Mean Percent Errors

for VASCAR Computed Velocities

Test Condition | Mean | Mean Percent
(nominal speed/course length) | Error | Error
(mph/feet) i (mph) ] (%)
35/439.71 | .186 ] 0.52
55/439.71 | .404 | 0.74
65/439.7 | .535 | 0.83

Comparisons of officer A’'s and B’'s measured velocities to the "true®
velocities for the 35 mph tests on the 200 foot course are shown in Tables K.5 -
K.7. The true velocities are calculated using the Nicolet times and the course
distance. The true velocities and officer A's and B's velocities are listed in
Table K.5. For these tests, officer A was next to the course (distance=0) and

officer B was 150 feet away from the course (distance=150).

TABLE K.5

Comparison of True and Officer Measured Velocities
Using VASCAR-plus

NOMINAL SPEED = 35 mph
DISTANCE = 200 £t

True Officer A Officer B
Velocity Distance* = 0 Distance* = 150
35.24 36.4 35.3
33.15 33.8 33.1
34.56 35.1 34.6
37.03 37.1 36.3
36.19 36.4 36.6
34.62 35.7 34.6
33.99 34.8 34.3
34.69 35.7 35.0
34,77 35.7 34.6
33,75 35.1 33.4
Mean 34 .80 35.58 34.78
Standard Deviation 1,139 0.939 1.105

*Distance = Distance From Target Vehicle Path in Feet
The percent speed errors are listed in Table K.6. The mean and standard

deviation for each officers percent speed error are presented at the bottom of

the table.
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TABLE K.6
Officers’ Percent Speed Error

NOMINAL SPEED = 35 mph
DISTANCE = 200 ft

Officer A Officer B
Distance = 0 Distance = 3150

3.3 0.18

1.97 -0.14

1.57 0.12

0.20 -1.96

0.58 1.13

3.12 -0.05

2.39 0.92

2.91 0.90

- 2.68 -0.49

3.99 -1.04

Mean 2.27 -0.04
Standard Deviation 1.204 0.951

The speed errors are listed in Table K.7. The mean and standard deviation
for speed error are at the bottom of the table. Similar tables for the other

test conditions are in the attachment to this appendix.

TABLE K.7
Officers’ Speed Error

NOMINAL SPEED = 35 mph
DISTANCE = 200 ft

Officer A Officer B
Distance = 0 Distance = 150
1.16 - 0.06 :

0.65 -0.05

0.54 0.04

0.07 -0.73

0.21 0.41

1.08 -0.02

0.81 .31

1.01 0.31

0.93 -0.17

1.35 -0.35

Mean 0.78 -0.02

Standard Deviation 0.412 0.341

Each officers’ mean percent speed error for each test condition is listed
in Table K.8.
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TABLE K.8
Officer A and B Mean Percent Speed Error

|
Officer A | Officer B

Test Condition
(nominal speed/course length)

|
|
(mph/feet) I (%) | (3)

35/200 | 2.27 | -0.04
60,200 | 5.41 | 1.11
35/439.71 | 0.55 | 1.08
55/439.71 | 0.67 |  1.37
65/439.71 | .71 | 1.25

Tables K.9 and K.10 list the mean and standard deviation for speed error for

each test condition for officers A and B respectively.

TABLE K.9
Officer A’s Mean and Standard Deviation for Speed Error

Test Condition | Mean | Standard Deviation
(nominal speed/course length) | (mph) | (mph)
(mph/feet) ! ]
35/200 | 0.78 | 0.412
60/200 | 3.26 ] 1.602
35/439.71 | 0.20 } 0.261
55/439.71 ] 6.37 | 0.392
65/439.71 | 0.45 | 0.631
TABLE K.10

Officer B’s Mean and Standard Deviation for Speed Error

Test Condition | Mean | Standard Deviation
(nominal speed/course length) | (mph) i (mph)
(mph/feet) ] )
35/200 | -0.02 | 0.341
60/200 | 0.68 | 0.789
35/439.71 | 0.39 i 0.253
55/439.71 | 0.75 ] 0.447
65/439.71 ] 0.80 ] 0.540

The upper 90th percentile tolerance limit (with 958 confidence) for each
test condition and each officer is listed in Table K.1l. The following formula

is used to calculate these tolerance limits:
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Upper 30th Percentile Tolerance Limit =X + K x S

X = Sample Mean (K.1)
S = Sample Standard Deviation
K = Factor for Two-Sided Tolerance Limit

K for ten samples is 2.839.

TABLE K.11
Upper 90th Percentile Tolerance Limits for Speed Error

Test Condition Upper 90th Percentile Tolerance Limit

for Speed Error

|
|
(nominal speed/course length) | Officer A ! Officer B
{(mph/feet) | (mph) ! (mph)
357200 | . 1.95 | 0.95
60,200 | S 7.81 | 2.92
35/439.71 | 0.94 | 1.10
55/439.71 | 1.48 | 2.02
65/439.71 ] 2.25 | 2.34

The upper 90th percentile tolerance limits for the 200 foot course distance
are plotted in Figure K.3. From Figure K.3, the upper 90th percentile tolerance
limits for officer B were less than those for officer A. This probably was
primarily due to officer location. Referring to Figure K.2, officer A was right
next to the course, while officer B was 150 feet away. This probably gave
officer B a better vantage point. The tolerance limits increased as speed
increased. The officers strongly objected to the set up of the test conditions.

They said they would never set up a course like this.

The upper 90th percentile tolerance limits for the 439.71 foot course
distance are plotted in Figure K.4. From this figure, the upper tolerance limits
for both officers were fairly comparable. The tolerance limits increased as

speed increased.

Upper 90th percentile tolerance limits for the VASCAR distance measurements
and the VASCAR'timing mechanism were not appropriate due to complications with
the testing. As stated earlier, the VASCAR timing errcrs for these tests were

incorrect due to complications with the flip-flop circuit. The VASCAR distance
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errors were incorrect because the VASCAR was set up to display in feet instead

of miles.

SUMMARY

Since this study was considered preliminary, and since it was limited to

only two officers, no definitive conclusions were drawn. The following

statements summarize the results of this study:

1. The mean speed errors were less than 1 mph for 9 of the 10 combinations of
officer, speed, and course distance. The errors increased as speed
increased and as course distance decreased.

2. The upper 90th percentile tolerance limits for speed error were less than
2.5 mph for 8 of the 10 combinations of officer, speed, and course
distance. The two conditions which produced higher tolerance limits were
the 60 mph/200 foot course distance combination for each officer. This
combination of speed and course distance gave the shortest timing interval
for the study.

3. The two officers that participated in this study objected to some of the
viewing distance/course distance combinations. Their strongest objections
were for the officer adjacent to the roadway/200 foot course distance
combination. '

4. The errors in the distance measurements taken with the VASCAR-plus device
were not representative, since the device was not set at its highest
resolution. This was not learned until after the completion of the testing
for this study.

5. The error in the timing mechanism of the VASCAR-plus device were mnot
accurate due to an incompatibility between the VASCAR-plus timing mechanism
and the flip-flop circuit. This incompatibility was not discovered until
after the completion of the testing for this study.
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TABLE K.15
Comparison of Nicolet and VASCAR Time Measurements

NOMINAL SPEED = 65 mph
DISTANCE = 43%.71 ft

Nicolet VASCAR Absolute & diff.

1 ms. Tripped Diff. (%)
4.735 4.71 -0.025 -0.53
4.564 4.53 -0.034 -0.74
4.546 4.50 -0.046 -1.01
4.609 4.57 -0.039 - -0.85
4.671 4.64 -0.031 -0.66
4.657 4.60 -0.057 -1.22
4.686 4. .64 -0.046 -0.98
4,655 4,60 -0.055 -1.18
4.705 4.68 -0.025 -0.53
4 663 4, 64 -0,023 -0.49
Mean 4.649 4,61 -0.038 -0.82

Std. Dev. 0.060 0.065 0.013 0.271

TABLE K.16
Comparison of NICOLET and VASCAR Velocity Calculations

NOMINAL SPEED = 65 mph
DISTANCE = 439.71 ft

Nicolet VASCAR Absolute & diff.

Calc. Cale. Diff. (%)
63.32 63.65 0.336 0.53
65.69 66.18 0.493 0.75
65.95 66.62 0.674 1.02
65.05 65.60 0.555 0.85
64.18 64.61 0.429 0.67
64.38 65.17 0.798 1.24
63.98 64.61 0.634 0.99
64.40 65.17 0.770 1.20
63.72 64.06 0.340 0.53
64,29 64 61 0.319 0.50
Mean 64.50 65.03 0.535 0.83
Std. Dev. 0.834 0.919 0.180 0.276
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TABLE K.17

Comparison of True and Officer Measured Velocities
Using VASCAR-plus

NOMINAL SPEED = 60 mph
DISTANCE = 200 ft

True Officer A Officer B

Velocjty Distance = 0 Distance = 150
64.23 66.5 65.1
58.98 62.1 58.1
60.90 62.1 61.9
62.18 64 .3 63.90
58.09 60.2 59.0
59.61 65.4 60.9
58.39 . 61.1 59.0
61.56 67.7 63.0
60.57 64.3 61.9
28.68 62.1 58.1
Mean : 60.32 63.58 61.00

Standgrd Deviation 1.954 2.449 2.387

Distance = Distance from Target Vehicle Path in Feet

TABLE K.18 TABLE K.19
Officers Percent Speed Error Officers’ Speed Error
NOMINAL SPEED = 60 mph - NOMINAL SPEED = 60 mph
DISTANCE = 200 ft DISTANCE = 200 ft
Officer a Officer B Officer a Officer B
Distance = 0 Distance = 150 Distance = 0 Distance = 150
3.53 1.35 2.27 0.87
5.29 -1.49 3.12 -0.88
1.97 1.64 1.20 1.00
3.41 1.32 2.12 0.82
3.63 1.57 2.11 0.91
9.71 2.16 5.79 1.29
4.64 1.04 2.71 0.61
9.97 2.3 6.14 1.44
6.16 2.20 3.73 1.33
5.83 -0.98 1.02 -2.98
Mean 5.41 1.11 Mean 3.26 0.68
Standard Standard
Deviation 2.649 1.313 Deviation 1.602 '0.789
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TABLE K.12

Raw Data from VASCAR-plus Testing

Nominal Speed/

Nicolet VASCAR

Officer Officer

Course Distance Time Time A (mph) B (mph)
8.282 8.24 36.3 36.9

8.566 8.53 35.2 35.7

8.552 8.49 35.1 35.1

8.316 8.28 36.0 36.5

35 mph/439.71 feet 8.490 8.46 35.7 35.8
8.408 8.35 35.5 36.1

8.400 8.35 35.8 36.3

8.244 8.20 37.1 36.5

8.246 8.20 36.8 36.6

8.340 8.31 36.1 36.0

5.531 5.50 54.2 55.0

5.376 5.32 56.4 56.4

5.463 5.43 55.3 56.1

5.553 5.50 54.2 55.0

S5 mph/439.71 feet 5.470 5.43 55.0 55.0
5.399 5.36 55.3 56.8

5.412 5.36 56.1 55.3

5.565 5.54 -53.9 55.0

5.434 5.40 56.1 55.7

5.395 5.36 56 .4 56.4

4.735 4.71 63.8 64.8

4.564 4.53 66.3 66.8

4,546 4.50 64.8 66.8

4.609 4.57 65.8 65.8

4.671 4.64 64.8 64.8

65 mph/439.71 feet  4.657 4.60 65.3 65.3
4.686 4.64 64.3 65.3

4.655 4.60 65.3 65.3

4.705 4.68 63.8 64.3

4,663 4,64 65.3 63.8

3.870 36.4 35.3

4.114 33.8 33.1

3.946 35.1 34.6

3.683 37.1 36.3

35 mph/200 feet 3.768 36.4 36.6
3.93¢9 35.7 34.6

4.012 34:8 34.3

3.931 35.7 35.0

3.922 35.7 34.6

4,040 35.1 33.4

2.1230 66.5 65.1

2.3120 62.1 58.1

2.2390 62.1 61.9

2.1930 64.3 63.0

60 mph/200 feet 2.3475 60.2 59.0
2.2875 65.4 60.9

2.3355 61.1 56.0

2.2150 67.7 63.0

2.2515 64.3 61.9

2.3240 62.1 58 .1
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. TABLE K.13
Comparison of NICOLET and VASCAR Time Measurements

NOMINAL SPEED = 55 mph
DISTANCE = 439.71 f¢t

Nicolet VASCAR Absolute § diff,
1 ms. Tripped Diff“ (%)

5.531 5.50 -0.031 -0.56
5.376 5.32 -0.056 -1.04
5.463 5.43 -0.032 -0.60
5.553 5.50 -0.053 -0.95
5.470 5.43 -0.040 -0.73
5.399 5.36 -0.03¢9 -0.72
5.412 5.36 -0.052 -0.96
5.565 5.54 -0.025 -0.45
5.434 5.40 -0.034 -0.63
2.395 5.36 -0.035 -0.65
Mean 5.460 5.42 -0.040 -0.73

Std. Dev. 0.069 0.073 0.010 0.193

TABLE K.1l4
Comparison of NICOLET and VASCAR Velocity Calculations

NOMINAL SPEED = 55 mph
DISTANCE = 439.71 ft

Nicolet VASCAR Absolute & difr.

Calc. Calc. Diff. (%
54.20 54.51 0.306 0.56
55.77 56.35 0.587 1.05
54.88 55.21 0.334 C.61
53.99 54.51 0.520 0.96
54.81 55.21 0.404 0.74
55.53 55.93 0.404 0.73
55.40 55.93 0.537 0.97
53.87 54.12 0.243 0.45
55.17 55.52 0.347 0.63
55.57 55.93 0.363 0. .62
Mean 54.92 55.32 0.404 0.74
Std. Dev. 0.690 0.747 0.111 0.198
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TABLE K.20

Comparison of True and Officer Measured Velocities
Using VASCAR-plus

NOMINAL SPEED = 35 mph
DISTANCE = 439.71 ft

True Officer A Officer B
Velocity stance = 300 Distance = 300
36.20 36.3 36.9
35.00 35.2 35.7
35.06 35.1 35.1
36.05 36.0 36.5
35.31 35.7 ©35.8
35.66 35.5 36.1
35.69 35.8 36.3
36.37 .. 37.1 36.5
36.36 36.8 36.6
35,95 36.1 36.0
Mean 35.76 35.96 36.1
Standard Deviation 0.508 0.647 0.525
TABLE K.21 TABLE K.22
Officers’ Percent Speed Error Officers’ Speed Error
NOMINAL SPEED = 35 mph NOMINAL SPEED = 35 mph
DISTANCE = 439.71 ft DISTANCE = 439.71 ft
Officer A Officer B Officer A Officer B
Distance = 300 Distance = 00 Distance = 300 Distance = 300
0.28 1.94 0.1C 0.70
0.57 2.00 0.20 Q.70
0.12 0.12 0.04 0.04
-0.14 1.24 -0.05 0.45
1.10 1.38 0.39 0.49
-0.44 1.24 -0.16 0.44
0.31- 1.71 0.11 0.61
2.02 0.37 0.73 0.13
1.22 0.67 0.44 ) 0.24
L6200 015 .15 005
Mean 0.55 1.08 Mean 0.20 0.39
Standard Standard
Deviation 0.722 0.7l Deviation 0.261 0.253
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TABLE K.23

Comparison of True and Officer Measured Velocities
Using VASCAR-plus

NOMINAL SPEED = 55 mph
DISTANCE = 439.71 ft

True Officer A Officer B
Velocity Distance = 300 Distance = 300
54.20 54.2 - 55.0
55.77 56.4 56 .4
54.88 55.3 56.1
53.99 54.2 55.0
54 .81 55.0 55.0
55.53 55.3 56.8
55.40 S56.1 55.3
53.87 53.9 55.0
55.17 ) 56.1 55.7
55.57 56 .4 56 4
Mean 54.92 55.29 : 55.67
Standard Deviation 0.690 0.953 0.704
TABLE K.24 TABLE K.25
Officers’ Percent Speed Error Officers' Speed Error
NOMINAL SPEED = 55 mph NOMINAL SPEED = 55 mph
DISTANCE = 439.71 ft DISTANCE = 439.71 f:
Officer A Officer B Officer a Officer B
Distance = 300 Distance = 300 Distance = 300 Distance = 300
-0.01 1.47 -0.00 0.80
1.14 1.14 0.63 0.63
0.77 2.23 0.42 1.22
0.39 1.87 .21 1.01
0.35 0.35 0.1¢ 0.19
-0.41 2.29 -0.232 1.27
1.27 -0.17 0.70 -0.10
0.05 2.09 . 0.03 1.13
1.68 0.96 0.93 0.53
1.49 1.49 0.83 0.83
Mean 0.67 1.37 . Mean 0.37 0.75
Standard Standard
Deviation 0.706 0.818 Deviation 0.392 0.447
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TABLE K.26

Comparison of True and Officer Measured Velocities
Using VASCAR-plus

NOMINAL SPEED = 65 mph
DISTANCE = 439.71 ft

True Officer A Officer B
Velocity Distance = 300 Distance = 300
63.32 63.8 64.8
65.69 66.3 66.8
65.95 64.8 66.8
65.05 65.8 65.8
64.18 64.8 64.8
64.38 65.3 65.3
63.98 64.3 65.3
64.40 65.3 65.3
63.72 63.8 64.3
64.29 65.3 63.8
Mean 64 .50 64.9 65.30 .
Standard Deviation 0.834 0.818 0.972
TABLE K.27 TABLE K.28
Officers’ Percent Speed Error Officers’ Speed Error
NOMINAL SPEED = 65 mph NOMINAL SPEED = 65 mph
DISTANCE = 439.71 £t DISTANCE = 439.71 ft
Officer A Officer B Officer A Officer B
Distance = 300 Distance = 300 Distance = 300 Distance = 300
.76 2.34 i 0.48 1.48
0.93 1.69 0.61 1.11
-1.74 1.29 -1.15 0.85
1.16 1.16 0.75 0.75
0.96 0.96 0.62 0.62
1.43 1.43 0.92 0.92
0.50 2.07 0.32 1.32
1.39 1.39 0.90 0.90
0.13 0.91 0.08 0.58
1.56 -0.77 1.01 -0,49
Mean 0.71 1.25 Mean 0.45 0.80
Standard . Standard
Deviation 0.968 0.843 Deviation 0.631 0.540

K21












	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90
	91
	92
	93
	94
	95
	96
	97
	98
	99
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111
	112
	113
	114
	115
	116
	117
	118
	119
	120
	121
	122
	123
	124
	125
	126
	127
	128
	129
	130
	131
	132
	133
	134
	135
	136
	137
	138
	139
	140
	141
	142
	143
	144
	145
	146
	147
	148
	149
	150
	151
	152
	153
	154
	155
	156
	157
	158
	159
	160
	161
	162
	163
	164
	165
	166
	167
	168
	169
	170
	171
	172
	173
	174
	175
	176
	177
	178
	179
	180
	181
	182
	183
	184
	185
	186
	187
	188
	189
	190
	191
	192
	193
	194
	195
	196
	197
	198
	199
	200
	201
	202
	203
	204
	205
	206
	207
	208
	209
	210
	211
	212
	213
	214
	215
	216
	217
	218
	219
	220
	221
	222
	223
	224
	225
	226
	227
	228
	229
	230
	231
	232
	233
	234
	235
	236
	237
	238
	239
	240
	241
	242
	243
	244
	245
	246
	247
	248
	249
	250
	251
	252
	253
	254
	255
	256
	257
	258
	259
	260
	261
	262
	263
	264

