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MULTIPLE RADAR SPEED DISPLAYS

INTRODUCTION

Speeding in work zone areas continues to be one of the mgjor safety concerns on many of our
roads, paticulaly on high-speed rurd interstate highways. Excessve speed is among the mgor
contributing factors most often reported for work zone accidents (1,2). To address this problem,
vaious speed control strategies ranging from enforcement by patrol vehicles (3,4) to radar equipped
speed monitoring devices (5,6) and more sophisticated changesble message sgn sysems (7,8,9) have
been studied and fidd-tested. The speed monitoring display (SMD) developed in the late 1970s is
one of the promising technologies that have been successfully applied both in the U.S. and abroad.
The SMD informs drivers of their speeds and thereby encourages them to dow down if they are
traveling above the speed limit. The objective of the system is to reduce the speed of traffic and
increase speed limit compliance.  Although some early studies (L0) found it ineffective, the use of
the SMD technology and the research directed to the evauation of its effectiveness has increased in
recent years.

Most recent studies (5,6,11,12,13) consgtently found that vehicdle speeds can be reduced by
SMDs. For example, an evaluation (12) of a SMD at a work zone on 1-80 in Nebraska, which was
conducted in the first year of the MwSWZDI, found that the 85™-percentile speed, upper limit of the
pace, and mean of the highest 15 percent of speeds were reduced significantly (¢ = 0.05) by about
5 mph. However, its performance was only monitored for a period of less than one day, over alength
of roadway of during a relatively short period of time (i.e., less than a day), and over a short length
of roadway of about 750 feet. Thus, the time period and the spatid extent, for which its effectiveness
could be sustained, was not determined.

A compaative study of photo-radar and SMD conducted in Cdifornia (6) concluded that
both devices sgnificantly reduced speed by about 5 mph. The study also found that supplementing
a SMD with police enforcement can further increase its effectiveness. Another recent study (1.3)
found that SMDs used at rurd, high-speed, temporary work zones can be expected to reduce vehide
speeds by about 5 mph. They aso concluded that the speed reduction effect of SMDs is about 2 to
3 mph greater than that of the radar drone and speed advisory signs. But, the temporal and spatia
effects of the devices were not evauated.

OBJECTIVE

The primary objective of this evduation was to assess the long-term effectiveness of SMDs
in long-term work zones on rurd interstate highways. To achieve this god, three SMDs were
deployed in a work zone area on 1-80 near Lincoln, Nebraska. The effectiveness of the system was
studied over a period of five weeks.

The SpeedGuard™ radar speed reporting system was the SMD used in this study. It is a
portable, sdf-contained trailer unit, which is shown in Figure 5-1. It is equipped with radar to
measure the speeds of approaching vehicdes. The vehicle speeds are displayed on a panel with 24-
inch LED numerds. The message YOUR SPEED is mounted on the trailer beneath the variable
speed display. A speed limit Sign is mounted on arack above the display.



FIGURE 5-1 SpeedGuard SMD.

The SMD a0 featured a “Work Zone Alert”, which smulates a camera taking pictures, and
a “Violator Alert”, which sounds an darm if approaching speeds are above a preset threshold.
However, these features were not activated during the evauation.

Speedguard is a product of Applied Concepts, Inc., 730 F. Avenue, Suite 200, Plano, Texas
75074, PH: 972-398-3750, FX: 972-398-3751, Emal: sales@a-concepts.com. It was provided for
evauation by Speed Measurement Laboratories, Inc., 2300 Harvest Glen, Fort Worth, Texas 76108,
PH: 817-560-9318, FX: 817-244-7630, Email: speedy3@speed abs.com, www.speedlabs.com.

STUDY SITE

The three SMDs were deployed dong an gpproximately 2.7-mile section of eastbound [-80
near Lincoln, Nebraska. The section operated as a 4-lane divided interstate highway. It was located
between two rdatively long sections of the interstate with head-to-head operation (i.e., one roadway
was closed for reconstruction and the other operated as a two-lane, two-way roadway). The location
of the study areais shown in Figure 5-2.

Drivers often traveing at a rdaivey low speed for several miles in the head-to-head section
tended to accelerate to a speed well above the 55-mph speed limit as they entered the two-lane
section of the study area. Many of the drivers considered it as a good opportunity to pass sower
moving vehides and podtion themsdves father ahead before meging again into head-to-head
operation. This setting created a Situation with very low speed-limit compliance, which needed some

type of gpeed contral.
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FIGURE 5-2 Study site.

The average dally traffic volume on this section of 1-80 was approximately 38,000 vehicles

per day, of which 22 percent was commuting traffic. The truck percentage was 21 percent. The
norma speed limit on 1-80 is 75 mph, but the speed limit in the study area was 55 mph, because it
was located between two work zones. The two work zones were for an interstate reconstruction
project.

The traffic control plan within the sudy area is shown in Figure 5-3. The following sequence

of sgnswas located on each side of the roadway:

1.

2.

o u

SPEED LIMIT 55 dgn with FINES DOUBLE sgn plate about 13,000 feet before the merging
taper;

SPEED LIMIT 55 ggn with FINES DOUBLE sign plate about 9,000 feet before the merging
taper;

LEFT LANE CLOSED AHEAD sgn about 5,500 feet before the merging taper;

SPEED LIMIT 55 sign with FINES DOUBLE sign plate about 3,000 feet before the merging
taper;

RIGHT LANE CLOSED %2 MILE sign about 2,750 feet before the merging taper;

Symbalic “lane reduction on the left” trangtion sign about 1,100 feet before the merging taper;
and

SPEED LIMIT 55 sgn with FINES DOUBLE dgn plate about 625 feet before the merging taper.
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FIGURE 5-3 Traffic Control Plan at the Study Site.

In addition to the dgns, there were two flashing arrow panels on the right shoulder. One
arrow panel was located about 3,100 feet in advance of the merging taper, and the other arrow panel
was located at the beginning of the merging taper. The meaging taper was 900 feet long. It was
delineated by reflectorized plastic drums spaced at 50-foot intervals and monodirectional yellow
raised pavement markers at 5-foot centers.

To reduce speed and increase speedHlimit compliance, the three SMIDs were Strategically
deployed dong the 2.7-mile road section. To identify the best locations for the SMDs, a speed profile
was determined first. The profile shown in Figure 5-4 indicates the mean speed of vehicles observed
at 9x points dong the study area. It can be seen tha vehides entering the study area at a rddivey
low speed quickly accelerated and reached a mean speed higher than 60 mph within less than one-
hdf mile The lower entering speed was a consequence of the narrow lane width and the 45-mph
advisory speed limt in the median crossover. To reduce the intensity of vehicle acceleration in this
road section, the first SMD was deployed about 1,150 feet downstream of the crossover, on the left
sde of the road under the bridge. The second SMD was deployed about 1,000 feet upstream of the
location where the highest mean speed of 61.6 mph was observed. The third SVID was deployed at
the second arrow board to reduce the speed of vehides gpproaching the lane closure in advance of
the median crossover.

DATA COLLECTION

Treffic speeds were measured once before deployment, five times during the five-week
deployment, and once after remova of the SMDs. The before studies were conducted four days
before the SMDs were deployed. The SMDs were operated continuoudy for the next five weeks
during which traffic speeds were measured once each week a one-week intervals. Findly, one week
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FIGURE 5-4 Speed profile befor e deployment of SMDs.

after the remova of the SMDs another set of speed measurements was conducted to determine if
there were any resdua speed-reduction effects of the sysem. The before and after studies took place
on the same day of the week, during approximately the same time period of the day, and under very
amilar traffic and environmenta conditions (i.e, comparable traffic volumes, fair weether, and dry
pavement). In addition to vehicle speeds, volume and truck percentages were aso recorded.

The speed data were collected with ProLaser 111 Lidar units, which are capable of measuring
the speed of vehides with an accuracy of £1 mph. Two of these units were used by two survey
crews. Each unit was calibrated before and after data collection. As illustrated on Figure 5-5, vehicle
speeds were measured at four locations: (1) upstream of the firss SMID where vehicles entered the
study area, (2) goproximately 1,000 feet downstream of the firs SMD, (3) approximately 1,000 ft
downstream of the second SMD, and (4) at the beginning of the merging taper where vehicles passed
the third SMD. Throughout the study, the same observers collected speed data at each location. To
minimize the cosine-error of the speed measurements, they positioned themsealves as close to the sde
of the roadway as possble while meking every effort to remain inconspicuous. The angle between
the line of traffic and the laser beam was less than 3 degrees resulting in a negligible cosine-error of
less than 0.1 mph at each measurement location. Speeds were measured from vantage points behind
the vehicles
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FIGURE 5-5 L ocation of speed measur ements.

Since vehide speeds during congested flow conditions are primarily influenced by the density
of traffic, the speed data were collected only during uncongested flow conditions. For the same
reason, only the speeds of vehicles with at |east 5-second headways were measured. Also, at data
collection point 3 shown in Fgure 5-5, speeds were recorded only at times when the on-ramp was
empty (i.e,, entering vehicles did not affect the speed and lane choice of vehicles traveling on the
highway). Thus, the collected data included only desired speeds which were unaffected by any sort
of vehicle interaction.

DATA ANALYSIS

The measures of effectiveness (MOES) used to evaluate the SMDs included sx speed
parameters. They were determined from the speed samples collected at each measurement location
before, during, and after the period when the SMDs were deployed. The sx MOEs were:
mean speed,

standard devidtion,

85"-percentile speed,

percentage complying with the speed limit, and
percentage complying with the speed limit plus 5 mph.
percentage complying with the speed limit plus 10 mph.

The datigtical dgnificance of the differences in these MOEs corresponding to the periods
before, during and after the use of the SMDs was determined. The t-test was used to evaluate the
differences in mean speeds. The hinomia proportion test was used to evduate the datidtica
sgnificance of differences in the 85™-percentile speeds, and the percentages complying with the
speed limit and the speed thresholds of 5 and 10 mph above the speed limit. The F-test was used to
check for statisticaly sgnificant differencesin the sandard deviations of the speed ditribution.



RESULTS

The MOE-profiles shown in Figure 5-6 correspond to the data collection periods before the
deployment, during the firgt and last week of the operation, and after the remova of the SMDs. The
profiles indicate an improvement in all MOEs a each observation point downstream of the SMDs
during their deployment. The improvement was about 3 to 4-mph reduction in mean speed, 2 to 7-
mph reduction in 85" percentile speed, and about 20 to 40-point increase in the percentage of
vehicles complying with the speed limit and the 60-mph speed threshold. As expected, much smaller
changes were observed upstream of the first SMD.
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= 40 %\ P
8 304 & P!
& 2 ‘E\ V/’E
10 \\l//
T
0 0.5 1 1.5 2 2.5 3
Distance along | 80 (miles)

Speed (mph)

Distance along I-80 (miles)

—&—Before —S—Week 1 —%¥—Week5 —5— After —#— Before —©—Week 1 ——Week 5 —=— After
85th Percentile Speed Compliance with 60-mph Speed Threshold
68 100
® > ;vl\
= \ = 80 -
Ees o \i = /\ \9//"
(] £
§ . / P/ \ E 70 \E\ Pal / /
60T 50 \{
58 T T T T T 40 T T T T T
0 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3
Distance along | 80 (miles) Distance along | 80 (miles)
|—E—Before —S— Week 1 —%—Week 5 —Q—After| —#—pefore —S—Week 1 ——Week5 —=— After

FIGURE 5-6 Speed parameter profiles.

Tables 5-1, 5-2, and 5-3 summarize the MOEs caculated for both passenger cars and other
vehides at three measurement points downstream of the SMDs. For passenger cars the mean and 85"
percentile speeds were sgnificantly lower (=0.05), and with a few exceptions the three compliance
percentages were sgnificantly higher (0=0.05) at dmogt dl locations during the operation, and also
one week after the remova of the sysem. The standard deviation was aso reduced, although the
reduction was not gatidicdly ggnificant at the third SMD. The improvement in the MOES for other
vehides is amilar to those for passenger cars, dthough many of the changes were not datisticaly
ggnificant, particularly at the third SMID.

TABLE 5-1 Measurement L ocation #2, 1000 ft downstream of first SMD.



During

Speed Parameter Before Week1 Week2 Week3 Week4 Week5 After
Passenger Cars
Sample Size 253 242 205 136 264 232 224
Mean Speed (mph) 61.0 56.4 57.2 57.8 57.6 56.3 59.7
Standard Deviation (mph) 5.33 4.03 4.00 3.76 3.70 3.68 421
85t-Percentile Speed (mph) 66 60.0 62.0 61.0 62.0 60.0 64.0
Compliance with Speed Limit (%) 16.60 44.63 36.10 24.26 30.68 45.26 16.07
Compliance with SL + 5 mph (%) 45.85 85.95 80.00 82.35 77.65 85.78 57.14
Compliance with SL + 10 mph (%) 80.24 97.52 97.54 96.32 98.86 98.28 90.52
Trucks
Sample Size 109 93 92 106 69 83 108
Mean Speed (mph) 58.0 55.2 56.2 55.2 55.5 55.7 56.3
Standard Deviation (mph) 4.22 3.95 3.86 3.68 3.37 3.72 4.43
85-Percentile Speed (mph) 62 59 60 59 58 59 61
Compliance with Speed Limit (%) 3211 53.76 47.83 56.60 53.62 49.40 43.52
Compliance with SL + 5 mph (%) 71.56 93.55 88.04 93.40 89.86 89.16 79.63
Compliance with SL + 10 mph (%) 94.50 98.92 98.91 99.06  100.00 100.00 97.22
Difference from BEFORE vaue is statistically not significant (« = 0.05).
TABLE 5-2 Measurement L ocation #3, 1000 ft downstream of second SMD.
During
Speed Parameter Before Week1 Week2 Week3 Week4 Week5 After
Passenger Cars
Sample Size 194 212 196 127 189 153 184
Mean Speed (mph) 62.9 58.7 58.2 59.5 58.2 58.1 60.3
Standard Deviation (mph) 4.99 3.88 3.49 4.15 354 4.19 4.27
85"-Percentile Speed (mph) 68 63 62 63 62 63 65
Compliance with Speed Limit (%) 3.09 16.98 21.94 14.17 21.69 30.07 10.87
Compliance with SL + 5 mph (%) 38.66 72.17 75.51 62.20 75.66 75.82 56.52
Compliance with SL + 10 mph (%) 68.04 93.87 96.94 89.76 96.83 95.42 85.33
Trucks
Sample Size 108 91 101 49 91 97 70
Mean Speed (mph) 60.2 57.9 58.0 57.9 56.8 57.3 59.4
Standard Deviation (mph) 3.64 331 3.68 331 331 261 3.84
85-Percentile Speed (mph) 64 62 62 61 60 60 63
Compliance with Speed Limit (%) 8.33 24.18 24.75 22.45 39.56 26.80 14.29
Compliance with SL + 5 mph (%) 55.56 76.92 80.20 83.67 86.81 91.75 57.14
Compliance with SL + 10 mph (%) 9259  100.00 96.04 93.88 97.80 98.97 95.71

Difference from BEFORE value is statistically not significant (o = 0.05).



TABLE 5-3 Measurement L ocation #4, 1000 ft downstream of third SMD.

During
Speed Parameter Before Week1l Week2 Wek3 Wesk4 Week5 After
Passenger Cars
Sample Size 105 110 111 81 121 0 105
Mean Speed (mph) 60.2 574 57.8 572 57.7 55.2 583
Standard Deviation (mph) 467 447 421 474 482 384 4.26
85"-Percentile Speed (mph) 65 62 63 62 63 58 62
Compliance with Speed Limit (%) 14.29 37.27 33.33 3827 36554 5333 26.67
Compliance with SL + 5 mph (%) 56.19 71.27 75.68 80.25 76.03 .44 70.48
Compliance with SL + 10 mph (%) 87.62 96.36 94.59 9259 95.04 97.78 96.19
Trucks
Sample Size 76 69 53 32 42 62 57
Mean Speed (mph) 56.7 54.1 54.7 55.8 55.9 54.2 55.6
Standard Deviation (mph) 397 4.34 341 348 450 3.69 368
85"-Percentile Speed (mph) 61 58 59 60 58 57 60
Compliance with Speed Limit (%) 36.84 60.87 50.94 50.00 42.86 61.29 43.86
Compliance with SL + 5 mph (%) 81.58 89.86 93.11 90.63 92.86 96.77 94.74
Compliance with SL + 10 mph (%) 10000 10000 10000 100.00 97.62  100.00 100.00

Difference from BEFORE value is statistically not significant (o = 0.05).

To characterize the overdl performance of the system, a set of gpatialy aggregated speed
parameters were calculated for each study time by combining the speed data collected a dl four
locations. Two types of analyses were performed using these aggregated parameters.

Firg, ther tempord variation was evauated as shown in Figure 5-7. The graphs indicate
persstent reductions of approximately 3 mph in mean speed, and 4 mph in the 85" percentile speed
for passenger cars. The same tendency with gpproximately 2-mph reductions for both mean and 85"
percentile speeds can be observed for other vehicles. The standard deviation of both passenger cars
and other vehicles were also reduced during SMD operation, although the reduction for passenger
cars was larger. The compliance with the speed limit and other two speed thresholds increased with
goproximately 10 to 20 percent for passenger cars during the use of SMDs. Similar improvement
can be observed for other vehicles with respect to thar compliance with the speed limit (i.e., 55
mph) and the 5-mph speed threshold above the speed limit (i.e, 60 mph). The compliance with the
speed threshold of 10 mph above the speed limit (i.e, 65 mph) was much smadler than it was for
passenger cars. However, it should be noted that this was also a consequence of their typically lower
speed (i.e. ther 85" percentile speed was 3 mph below the 65-mph speed threshold before the SMDs
were deployed).

In the second andyss the datisticd dgnificance of the improvements and the potentia
resdua speed-reduction effect of the system were assessed using three sets of MOEs. They were
caculated as the differences in the spatially aggregated speed parameters.
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FIGURE 5-7 Temporal variation of speed parameters.

The firg set of MOES expressed how drivers behavior changed after 1, 2, 3, 4, and 5 weeks
of SMD operation rdative to the time period before they were deployed. The results shown in Table
5-4 indicate that a gatidicdly sgnificant (0=0.05) improvement was observed for dl MOEs in the

case of passenger cars.

The same tendencies were observed for other vehicles, athough the

reduction in standard deviation during the 1% week, and the increase in the 65-mph compliance
percentages on the 2™ and 3" weeks were lower than in the other weeks of SMD deployment, and
they were not datisticaly significant (0=0.05).



TABLE 4 Temporal variation of differencesin speed parameters after SMD deployed.

Difference Relative to Before Study

Speed Parameter Week 1 Week 2 Week 3 Week 4 Week 5

Passenger Cars

Sample Size (DURING/BEFORE) 718/765 696/765 473/765 759/765 663/765
Mean Speed (mph) -34 27 2.3 -29 -37
Standard Deviation (mph) -09 -1.2 -1.0 -12 -11
85"-Percentile Speed (mph) 5 -4 -4 -4 5
Compliance with Speed Limit (%) 21 14 11 15 25
Compliance with SL + 5 mph (%) 26 2 20 24 29
Compliance with SL + 10 mph (%) 13 14 11 15 14
Other Vehicles
Sample Size 298/397 309/397 264/397 272/397 361/397
Mean Speed (mph) -20 1.2 1.7 -18 21
Standard Deviation (mph) -0.2 -05 -0.6 -06 -0.8
85"-Percentile Speed (mph) -2 -2 -2 -3 -3
Compliance with Speed Limit (%) 18 9 17 18 18
Compliance with SL + 5 mph (%) 13 12 14 15 18
Compliance with SL + 10 mph (%) 4 2 2 3 4

Differenceis not sgnificant (o = 0.05).

The second set of MOES expressed how drivers behavior changed one week after the SMDs
were removed compared to the last week when they were in operation. The results shown in column
1 of Table 5-5 indicate that a Satisticaly sgnificant (¢=0.05) degradation was observed for dl
MOEs in the case of both passenger cars and other vehicles. However, it should be noted that none
of the MOEs returned to the level observed before the deployment of the SMDs, which indicates that
the system possesses some residud effects in vehicle-gpeed reduction.

To assess the dgnificance of the resdua effect of the system, a third set of MOEs were
caculated. They expressed how driver behavior differed between the periods before the deployment
and one week after the remova of the SVIDs. The results shown in the second column of Table 5-5
indicate that a datidicdly sgnificant improvement was observed for dl MOEs in the case of
passenger cars. Similar tendencies were observed for other vehicles, athough the reduction in
standard deviation, and the increase in the 60-mph compliance percentage were not datistically
sgnificant.



TABLE 5-5 Differencesin speed parameter s before, during, and after SM D deployment.

After - During (Last Week) After - Before
Speed Parameter Difference Difference

Passenger Cars

Sample Size 765/697 663/697
Mean Speed (mph) 22 -15
Standard Deviation (mph) 04 -0.7
85"-Percentile Speed (mph) 2 -3
Compliance with Speed Limit (%) -18 7
Compliance with SL + 5 mph (%) -19 10
Compliance with SL + 10 mph (%) -5 9
Other Vehicles

Sample Size 397/345 361/345
Mean Speed (mph) 0.8 -1.3
Standard Deviation (mph) 09 -0.1
85"-Percentile Speed (mph) 2 -1
Compliance with Speed Limit (%) -9 9
Compliance with SL + 5 mph (%) -11 7
Compliance with SL + 10 mph (%) -2 2

Differenceisnot significant (oc = 0.05).

Previous research (14) suggedts that lower speed reduces the frequency of fatal and injury
crashes. Although none of the studies cited examined the relationship between speed and safety in
work zones, a review of severd international studies indicates that perhaps every 1-mph reduction
in mean speed may reduce injury crashes by about 5 percent (14). If this rdationship is goplicable
to work zones, one might expect the speed reductions associated with SMDs to result in a 15 to 20
percent reduction in injury crashes.

CONCLUSIONS

The SMDs were found to be effective in lowering speeds and increasing the uniformity of
gpeeds over aperiod of five weeks.

Saidicdly dgnificant (0=0.05) improvements in speed parameters (i.e, mean, 85"
percentile speed, and standard deviation) and speedHlimit compliance were observed at the
measurement points downstream of the first two SMDs. The improvement in standard deviation and
a some compliance percentages were not ddidicaly dgnificant at the third SMD. Greater speed
reductions and compliance increases were observed for passenger cars than for other vehicles.
Depending on the measurement location, the improvements were 3 to 4 mph for mean speed, 2 to
7 mph for 85" percentile speed, and 20 to 40 point in the percentage of vehicles complying with the
55-mph speed limit and the 60-mph speed threshold.



The combined long-term effectiveness of the three SMDs was assessed using spatialy
aggregated speed parameters. Persstent reductions of approximately 3 mph in mean speeds, and 4
mph in the 85" percentile speeds were observed for passenger cars over the 5-week period of SMD
operations. A 2-mph reduction in both mean and 85™ percentile speed was observed for other
vehides. The spdidly averaged speed-limit compliance percentages increased with approximately
10 to 20 points for both passenger cars and other vehicles.

After removing the SMDs, the mean and 85" percentile speeds increased, and the speedHlimit
compliance percentages decreased. Although these changes were datistically significant (=0.05),
they did not reach the leves observed before the deployment of the SMDs. In fact, almost all speed
parameters and compliance percentages measured after the removal of the SMDs were significantly
(0=0.05) different than those measured before the deployment of the SMDs. Thus, besides their
long-term (i.e,, five week) effectiveness, the SMIDs also had some residud effect in terms of speed
reduction and compliance improvement.

It should be noted that the traffic at the study Ste contained only 22 percent commuters.
Seventy-aght (78) percent of the traffic (i.e., non-commuter traffic) may have been seeing the SMDs
for the fird time. The long-term and residual effects of the SMDs would not apply to this portion
of the traffic. Therefore, the long-term and residud effects found in this study may not be applicable
to locations with higher percentages of commuiter traffic.
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