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Travel-Time Estimates Obtained from
Intelligent Transportation Systems and
Instrumented Test Vehicles

Statistical Comparison

William L. Eisele and Laurence R. Rilett

Accurate estimation of travel timeis necessary for monitoring the per-
formanceof thetransportation system. Often, travel timesar e estimated
indirectly by using instantaneous speeds from inductance loop detectors
and making a number of assumptions. Although these travel times
may be acceptable estimates for uncongested conditions, they may
have significant error during congested periods. Travel times also may
be obtained directly from intelligent transportation systems (ITS) data
sources such as automatic vehicle identification (AVI). In addition,
mobilecellular telephoneshave been touted asameansfor obtainingthis
information automatically. Data sources that collect travel-time esti-
mates directly provide travel-time data for both real-time and off-line
transportation system monitoring. Instrumented test vehicle runs are
often performed to obtain travel-time estimates for system monitoring
and other transportation applications. Distance measuring instruments
(DM 1) area common method of instrumentation for test vehicles. DMI
travel-time estimates are compared with AVI travel-time estimates by
using a variety of statistical approaches. The results indicate that the
travel-time estimates from test vehicles instrumented with DMI are
within 1% of travel-time estimates from AVI along the study corridor.
These resultsreflect that DMI is an accurate instrumented test vehicle
technology and, more important, AVI data sources can replace tra-
ditional system monitoring data collection methods when thereis ade-
quate tag penetration and infrastructure. A method for identifying
instrumented test vehicle drivers who may require additional data col-
lection training is provided. The described procedures are applicableto
any instrumented vehicle technique (e.g., the Global Positioning Sys-
tem) in comparison toany | TSdata sour cethat directly estimatestravel
time (e.g., mobile cellular telephones).

A key performance measure for system monitoring is travel time,
which may be estimated by using avariety of techniques (1-3). His-
torically, travel-time data have been measured from observations
made by test vehiclesdriven along the corridors of interest. Usually,
thesetest vehicles are outfitted with a distance measuring instrument
(DMI), which is connected to the transmission of the vehicleto pro-
vide speed and distance measurement at regular intervals. Thetravel
time can be estimated directly by using this data.

Intelligent transportation system (ITS) technology can be used to
obtain travel-time estimates not only for system monitoring but also
for avariety of transportation applications. Travel time may be esti-
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mated indirectly by using instantaneous speeds obtained from induc-
tance loop detectors and sometype of instantaneous speed — travel-
timetrandation function (4). However, instantaneous speed variance
estimates from loop detectors are not strongly correlated with travel -
time variance (4). An dternative approach is to use automatic vehi-
cle identification (AV1) technology to obtain travel time directly.
These systems provide information on vehicles equipped with elec-
tronictoll tags at locationswhere AV antennas have been deployed.
The AVI systems have been used for real-time traffic monitoring by
traffic management centers. Recently, the use of cellular telephones
as traffic probes has been advocated as an inexpensive method for
obtaining direct travel-time estimates (5).

Because ITS technology was developed for traffic operations, the
data have not been used widely by transportation planning organiza-
tions. Consequently, evenin citieswith widespread | TS deployment,
instrumented test vehicle runs are still being carried out on corridors
with ITS equipment. The objective for this paper is to compare the
travel-time estimates provided by an AV system with those provided
by DMI-equipped vehicles.

To perform the comparison, achase car study using test vehicles
equipped with DM was conducted on acorridor in Houston, Texas,
that is equipped with an AVI system. A comparison of the travel-
time estimates by using standard analysis of variance (ANOVA)
techniques was performed. Subsequently, a paired t-test was con-
ducted to eliminate all extraneous variability sources. A method for
identifying DMI driversthat need additional training was provided.
Although the focus is on DMI and AVI collection systems, the
methodol ogy can be generalized to other datacollection technologies.
For example, the instrumented vehicleinformation could be obtained
from a Globa Positioning System (GPS) unit, or the AVI-type data
could be obtained from mobile cellular tel ephones.

STUDY CORRIDOR AND DATA COLLECTION

Data were collected along an approximately 2-mi (3.2-km) east-
bound segment of US-290 located northwest of downtown Houston,
Texas, asshown in Figure 1. The corridor isasix-lane freeway with
areversible high-occupancy vehicle (HOV) lane down the center of
thefreeway. Five AVI reader stations along the corridor arelocated
approximately every 0.5 mi (0.8 km). Figure 2 shows the location
of thefive AVI antennas. Note that Beltway 8 isthe circumferential
roadway inside FM 1960 shownin Figure 1. Figure 3 shows US-290
at the middle of the study corridor, and the barrier-separated HOV
lane is also shown in the median of the highway. The corridor is
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FIGURE 1

US-290 study corridor location in Houston, Texas.
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FIGURE 2 US-290 corridor in Houston, Texas (not to scale). A1-A5 are AVI reader sites.
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FIGURE 3 Middle of US-290 study corridor.

approximately level except for a 3% to 4% grade at two overpasses.
Figure 4 showsthe AV antenna configuration. Datawere collected
from Monday, October 25, 1999, through Friday, October 29, 1999.
Congested conditions were of primary interest, and therefore the
morning peak period, lasting from approximately 6:30 am. to
9:30a.m., wastargeted. The research described in this paper involved

FIGURE 4 AVI antenna configuration.
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the separate, but simultaneous, data collection from instrumented
(DMI) vehicles and AV 1-equipped vehicles. The instrumented test
vehicles also were equipped with synchronized AV tags to allow
for adirect comparison of the two techniques. The research project
from which this paper originates also included the collection of
travel-time estimates from commercial vehicles along the corridor,
and theresults of statistical and practical comparisonsinvolving the
commercial vehicle travel-time estimates are described in detail
elsewhere (4, 6).

Instrumented Test Vehicles

The test vehicles used in the study were instrumented with a DMI
that allows for the collection of speed information at half-second
intervals. This technology was successfully demonstrated in previ-
ous studies (3, 4, 6-8). Electronic pulses are read from the vehicle's
transmission into the DMI, and the subsequent output from the DM
is collected on an on-board laptop computer. The DMI instrumenta-
tioninthetest vehicleisshownin Figure 5. The commercially avail-
able Computer Aided Transportation Software (CATS) was used for
the DM data collection and reduction, which reads flags that appear
aong the right side of the ASCII data file whenever a checkpoint is
recorded. Speed, distance traveled every 0.5 s, cumulative distance,
and atime stamp are collected at 0.5-sintervals.

The chase-car driving technique was used to obtain travel-time
datafor passenger carsin the traffic stream. Because the goal wasto
obtain travel-time distribution properties, in particular mean and
variance, a chase car technique was used in the study. The drivers
were given explicit directions for selecting random vehicles in the
traffic stream. Oneindividual served as ascheduler to keep the vehi-
cles on a consistent 3-min headway schedule in the staging area. At
a staging location upstream of the test corridor, the scheduler per-
sonally provided each subsequent test vehicle driver with the lane
number in which they would find a vehicle to chase. The drivers
were instructed to move to the given lane, count forward two vehi-
cles, and follow that vehicle along the corridor. An adequate length
of roadway preceding the study corridor allowed thedriverstoiden-
tify and accel erate to the vehiclesto be followed before entering the
corridor.

After thetest vehicle datawere collected, the datafilesfrom each
laptop computer were downloaded and collected on one central

FIGURE 5 DMI instrumentation in test vehicle.
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office computer. CATS was used to analyze the data from each run
and summarize it into executive summaries, gather statistics of
interest, and write the speed profile graph by using the flagged
checkpoints. The drivers missed the first checkpoint on 5 of the 407
travel-time runs over the week. This was corrected by measuring
back from the first known accurate checkpoint and inserting the
appropriateflagin the raw datafile, then reprocessing the run through
CATS. A correction of the DMI calibration number was necessary
on 17 of the 407 travel-time runs. The calibration of the test vehicle
travel-time runsis described in detail elsewhere (4).

AVI Data

The AVI system was developed to monitor travel timesin the Hous-
ton area and to provide data for the speed map, available at traffic.
tamu.edu/traffic.html. The system has more than 400,000 tagsin cir-
culation throughout the city and provides a very rich ITS data set.
Tags are aready distributed among the population for the area tool
facilities. AVI tags were placed on the windshield of each DMI-
instrumented test vehicleto provide adirect comparison of the DMI
and AVI travel-time estimates. The time stamps on the laptop com-
putersin each test vehiclewere synchronized tothe AV1 systemtime.
The AVI data used in this study were obtained from the advanced
traffic management system in Houston.

STATISTICAL PROCEDURE

Both ANOVA and a paired t-test were performed to investigate the
differences between the DMI and AV travel-time estimates.

ANOVA

ANOVA was performed for the AV and test vehicle data by using
thefixed effectsmodelsshownin Equations 1 and 2. Thetravel-time
estimates, including the mean, standard deviation, and coefficient of
variation (COV), were aggregated to 5-min periods. The COV is
defined astheratio of the standard deviation to the mean. Although
ANOVA isnot theideal test for such analysisto test the significance
of the standard deviation and COV, there is no other more applica-
ble standard test for two-way analysis. It was found that the results
compared favorably to visual interpretation of the data. To obtain
ANOVA results over time on the travel-time characteristics, the
5-min travel-time estimates were studied over 30-min periods. All
statistical testswere performed at the o = 0.05 level of significance.
The fixed effects model shown in Equation 1 tests the significance
of each day of the week and each period within each day. Because
these effects are not mutually exclusive (i.e,, thetime variableisa
component of the day variable), there is no interaction term. The
fixed effects model shown in Equation 2 includes the added effect
of the data source along with the related interaction effects of data
source with day of the week and period.

Vi = H+B +T te @

where

y; = vaue of jth observation at i,
W = population mean,
[3; = effect dueto day of week (i=1t05),
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Tj;) = effect dueto period (j = 1 to 10 within i), and
€; = random error term.

Yik = U +6 +B; + T +(eﬁ)ij + (8D * €ix 2
where

Yiix = value of kth observation at jth location ini,
W = population mean,
0, = effect dueto data source (i =1to 2),
[3; = effect due to day of week (j =1to5),

Ty = effect dueto period (k = 1 to 10 withinj),

(6B);; = interaction effect of 6, and 3;,
(81)i) = interaction effect of 6, and 14, and
€« = random error term.

Paired t-Test

Becausetherewasan AV1 tag on each DMI vehicle, travel-time esti-
mates were obtained from both DMI and AV for each vehicle, and a
paired t-test was performed to statistically compare the differences
between the two travel-time estimates from each test vehicle. The
paired t-test provides a powerful statistical test because it eliminates
thevehicle-to-vehiclevariability in thetravel-timeestimates. Thenull

hypothesis (Ho) states that the mean travel-time difference between
DMl and AVI equalszero (i.e., thereisno difference between thetwo
travel-time estimates). Thet-test statistic is shown in Equation 3 (9).

d
s/Vn

t = (3)

where

t = t-test statistic,

d = differences sample mean,

s = differences sample standard deviation, and
n = number of observations.

The t-statistic shown in Equation 3 was used in the andyses that fol-
low to investigate the statistical differences between AVI and DMI
travel-timeestimatesfor different links, days of theweek, and drivers.

STATISTICAL COMPARISON OF DMI AND
AVI TRAVEL-TIME ESTIMATES

ANOVA Differences

Table 1 shows the results of the ANOVA for day of week and
period. Day of week was statistically significant for the mean of both
the AVI (p < 0.0001) and the test vehicle (p = 0.0033) data. Period
was also significant for each data source. The COV was not statisti-
caly different by day of week or period for either data source. This
indicates that although the mean of each data source may differ sta-
tistically by day of week and period, the ratio of standard deviation
to the mean (COV) does not have a statistical difference. Thisis
valuable information in situations in which it may be difficult to
obtain the variance of the travel-time estimate (i.e., inductance loop
detectors) because an estimate of the variance can be obtained if the
COV isknown.

Table 2 shows ANOVA results for the travel-time characteristics
of interest by comparing the AVI and test vehicle data sources as



12 Paper No. 02-2124

Transportation Research Record 1804

TABLE 1 ANOVA Results on Travel-Time Characteristics from AVI and Test Vehicle

Data Sources

Data Travel Time Degr ees of Mean
Source | Variable Tested Factor Freedom Square F Pr>F
AVI Average Day of Week 4 4.79 12.14 | <0.0001*
Time Period 45 23.80 60.58 | <0.0001*
Error 238 0.39 — —
Standard Day of Week 4 0.10 5.18 | <0.0005*
Deviation Time Period 45 019 | 949 | <0.0001*
Error 222 0.02 - -
Coefficient of Day of Week 4 9.59 124 0.2947
Variation Time Period 45 1117 | 145 | 00442
Error 222 7.73 - -
Test Average Day of Week 4 1.86 4.07 0.0033*
Vehide Time Period 43 2205 | 4826 | <0.0001*
Error 214 0.46 - -
Standard Day of Week 4 0.14 122 0.3077
Deviation Time Period 42 027 | 229 | 00004
Error 95 0.12 - -
Coefficient of Day of Week 4 65.37 143 0.2301
Varigtion Time Period 42 4665 | 102 | 04559
Error 95 45.72 — —

*|ndicates a statistical difference at the a = 0.05 level of significance.

shownin Equation 2. Thenull hypothesis (Ho) isthat the AV and test
vehicletravel-time characteristic val ue are the same. The data source
was not found to be significant (p = 0.5563) when the AVI and test
vehicle mean and standard deviation datawere compared. Thetravel-
time mean and standard deviation were found to be statistically dif-
ferent by day of week and period. Interaction effects between the data
source and datewerefound for the COV ANOVA (p=0.0209). After
plotting the interaction effects, it was found that the average COV
ranged from 0.08 to 0.09 for the AVI data and 0.07 to 0.10 for the
DMI data. Thistranslatesto a200% larger rangein variability (COV)
withinthe DMI datasource ascompared tothe AVI. Thislarger range
resultsin the significant interaction effects. Theseresultsindicatethat
the average travel-time estimate from the test vehiclesand AVI are
not statistically different. The ANOVA results explained here are
discussed in more detail elsewhere (4).

Paired t-Test Differences by Link

A total of 136 observations of the DMI travel-time runs along the
entire AV system corridor (i.e., from AVI Reader 1to AVI Reader 5)
were collected for comparison to thetest vehiclesfor the entire week.
As indicated previoudly, the statistically more powerful t-test was
used for these analyses.

Table 3 presentsthe mean travel -time difference, percentage dif-
ference, and statistical significance for the paired t-test comparing
the AVI and test vehicles between the AVI antennas indicated
along the corridor. The difference between the AV and the test
vehicleswas, at most, 1.2 s, equivalent to amaximum 2.4% differ-
ence. A significant difference at the o = 0.05 level was found for
each link comparison except between thethird and fifth AVI anten-
nas (p = 0.3984). Although a statistical difference was found for

most links, the average difference between the two data sourcesfor
link travel time was only 0.2 s. Because the paired t-test removes
the effect of other variables, it is, in fact, a stronger statistical test
for comparing the two systems. The remaining statistical differ-
encesfound here arelikely dueto avariety of conditions. Variation
between the test vehicle drivers (discussed in a later section) can
cause the differences. Differences may also occur becausethe AVI
system sometimes reads tags when the vehicle is upstream of the
antenna, especially during congested periods [i.e., speeds below
30 mph (48 km/h)], and the test vehicle drivers were instructed to
hit each checkpoint below the AVI antenna. The angle and orien-
tation of the AVI antenna, along with its sensitivity setting, also
may be causes of differences between thetwo estimates. Therefore,
although statistically there are differences, for system monitoring
of the test corridor studied in this paper, the differences would not
make apractical difference. It should be pointed out, however, that
in some situations the differences could be greater, and it is not
clear apriori which corridors would be affected. Therefore, before
ITS can be used for system monitoring, asimilar test should be per-
formed across avariety of congested conditions.

Paired t-Test Differences by Day

Table 4 presents the results for the entire corridor from AVI An-
tennalto Antenna5 by day of theweek. Thelargest differenceis0.5%
on Tuesday, which equatesto a 1-s difference between AVI and test
vehicles. For this corridor, these differences are small, and the added
cost of performing system monitoring with an instrumented test vehi-
cle (DMI) even in locations with adequate I TS infrastructure proba-
bly would not be justified. However, this decision ultimately would
beuptotheagency or individua performing thedatacollection. Only
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TABLE 2 ANOVA Results on Travel-Time Characteristics Comparing AVI and
Test Vehicle Data Sources

Paper No. 02-2124

Travel Time
Data Variable Degreesof | Mean
Source Tested Factor Freedom Square F Pr>F
Test Average Data Source 1 0.15 0.35| 0.5563
Vehicle *
and AVI Day of Week 4 6.76 15.97 | <0.0001
Time Period 45 4428 | 104.63 | <0.0001*
Interaction of Data 4 0.13 0.32| 0.8674
Source and Day of
Week
Interaction of Data 43 0.16 0.39 | 0.9999
Source and Time
Period
Error 452 0.42 - -
Standard Data Source 1 0.03 057 | 0.4521
Deviation Day of Week 4 0.16 3.32 | <0.0111*
Time Period 45 0.39 7.94 | <0.0001*
Interaction of Data 4 0.09 176 | 0.1367
Source and Day of
Week
Interaction of Data 42 0.06 122 | 0.1786
Source and Time
Period
Error 317 0.05 — -
Coefficient Data Source 1 26.50 1.39 -
of Variation  ['pay of Week 4 3737 | 19| -
Time Period 45 37.22 294 | 0.0209*
Interaction of Data 4 56.11 135 | 0.0793
Source and Day of
Week
Interaction of Data 42 25.86 - -
Source and Time
Period
Error 317 19.11
*|ndicates a statistical difference at the a = 0.05 level of significance.
TABLE 3 p-Values for Each Link for Paired t-Test Comparing AVI and
Test Vehicle Data
Link Defined by | Number of M ean Difference Per cent
AVI Antennas | Observations (AVI-DMI) (seconds) Difference | P-Value
1to2 173 -05 -0.9 <0.0008*
2t03 48 12 2.4 <0.0001*
3to4 39 -0.5 -1.9 0.0050*
4t05 126 0.6 0.8 0.0006*
1to3 46 0.8 1.0 0.0042*
3to5 39 0.1 0.0 0.3984*
1to 5 (corridor) 136 0.8 0.3 <0.0001*

*Indicates a statistical difference at the o = 0.05 level of significance.

13
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TABLE 4 p-Values for Entire Corridor by Day Comparing AVI and Test Vehicle Data

Number of Mean Difference Per cent
Day Observations (AVI-DMI) (seconds) Difference P-Value
Monday 26 14 0.4 0.0284
Tuesday 28 1.0 0.5 0.0012*
Wednesday 35 0.8 0.2 0.0265
Thursday 27 0.2 0.1 0.5750
Friday 20 18 0.1 0.4924

* Indicates a statistical difference at the a = 0.05 level of significance.

Tuesday was statigtically different at thea = 0.05 level of significance.
It isinteresting to note that when all the days of the week in Table 4
are combined, astatitically significant result was found, asshownin
thefinal row of Table 3. Onfurther investigation, it wasfound that the
larger percent differences occurred on Monday and Tuesday with
0.4% and 0.5%, respectively. When these days are removed from the
andysis, theresults for the remaining daysindicate thereis no statis-
tical difference (p =0.0278). Thelarger percent differences on Mon-
day and Tuesday arelikely attributableto thefact that the driverswere
in alearning mode during the early part of the week. Thisis a poten-
tial problem affecting travel-time estimates conducted in thismanner.
Analyseswere conducted for al thelinks for each day, and dtatistical
differences were not found in 70% of the 30 tests performed across
daysand links.

Paired t-Test Differences by
Test Vehicle Driver

Further analyses were performed to investigate the differences
between the AVI and test vehicle mean travel-time estimates by
driver. Figure 6 presents the difference in seconds between the AVI
and test vehicle (DMI) corridor travel-time estimates plotted against
thetime of arrival to the corridor. Thisfigure visually displays that
Drivers 2 and 4 are often on the outer edges of the data. The aver-
age differences in travel time for Drivers 2 and 4 are occasionally
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FIGURE 6 Difference between AVI and test vehicle (DMI) travel-
time estimates by driver for entire corridor.

greater than 5 s, whereas the average difference for all driversis
approximately 1 s.

Figure 7 shows the percent difference of the travel-time estimates
between AV and test vehicles (DMI) by arrival time for the corri-
dor. Again, Drivers 2 and 4 area ong the outside of thedataplot. The
maximum differenceis 2% and is often theresult of atravel-timerun
by either Driver 2 or Driver 4. The average differenceis 0.3%. It is
interesting to note that the difference remains within approximately
2% through congested and uncongested conditions. Similar analyses
were performed for all links aong the corridor, and the average per-
cent differences remain below 3% for al links. Although these per-
cent differences are small, they indicate that if DMI is being used,
it isimportant to train the driversthoroughly, because even trained
driverswill make errors.

Statistical differenceswerealso analyzed by driver with the paired
t-test to further investigate the variability by driver at the a = 0.05
level of significance. Table 5 presents the p-values and degrees of
freedom on each link for each driver. Drivers 2 and 4 have statisti-
caly different results for Links2t0 3, 4to 5, and 1 to 5. Drivers 6
and 7 have statistically different resultsfor Links 1to 2. Theseresults
validate statistically the visua differences shown for Drivers2 and 4
in Figure 6 and Figure 7. Although the test vehicle drivers for this
study weretrained and they used the DMI extensively beforethe data
collection, these results indicate that human error in measurement
still can occur. However, for longer corridors, or corridors in other
locations, these results may not apply. Asbefore, it would be useful
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FIGURE 7 Percent difference between AVI and test vehicle (DMI)
travel-time estimates by driver for entire corridor.
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TABLE § p-Values and Degrees of Freedom for Each Driver for Paired ¢-Test
Comparing AVI and Test Vehicle Data

Paper No. 02-2124

15

Link Instrumented Test Vehicle Driver
Defined
by AVI
Antennas | #2 #3 #4 #5 #6 #7 #8
1to2 0.1232 | 0.5497 | 0.1682 | 0.1176 | 0.0370 | 0.0018* | 0.0012* | 0.0266
(29) (29) (8) (29) (18) (22) (21) (10)
2t03 0.1089 | 0.0021* - 0.0103* | 0.0304 | 0.4759 | 0.0797 —
(8) (7 (10) (6) (2 (8)
3to4 0.6759 | 0.0645 - 0.4612 | 0.2172 | 0.0888 | 0.4831 | 0.4875
(6) (6) (9) (2 (3 (4) (1)
4t05 0.0588 | 0.0003* | 0.5312 | 0.0103* | 0.3592 | 0.3130 | 0.3147 | 0.7715
(16) (23) (5 (23 (18) (15 9 9
1t03 0.4293 | 0.1541 — 0.0910 | 0.2853 | 0.2491 | 0.9899 | 1.0000
(8) (6) (6) (6) (5) (6) (2)
3to5 0.9873 | 0.2120 - 0.3491 | 0.2966 | 0.4021 | 0.0437 | 0.3850
3 (5) (6) (5 (©) (6) &)
1to5 0.2159 | 0.0004* | 0.3916 | 0.0032* | 0.1286 | 0.6445 | 0.9953 | 0.7354
(corridor) | (16) (32) (8 (18) (19) (13) (11) ()

*|ndicates a statistical difference at the a = 0.05 level of significance.

Cellswith no data present are indicated with “—."

to test the assumptions empirically. Moreimportant, the paired t-test
analysis applied here could be used to check the quality of data
obtained from different drivers to help identify drivers in need of
moretraining.

CONCLUDING REMARKS

This paper presented ANOV A and paired t-test statistical teststo com-
pare travel-time estimates from DMI and AVI. A method for using
the stetistical paired t-test to compare instrumented test vehicle mean
travel-timerun estimates with those obtained from an I TS datasource
was also presented. Although DMI is used for test vehicle data col-
lection in the application demonstrated in this paper, the procedure
would apply to any instrumented test vehicle technique (e.g., GPS).
Similarly, any ITS travel-time estimate may be used, provided the
estimation technique measurestravel timedirectly along the corridor.
Therefore, the methods can be applied to emerging techniques, such
asanonymous mobile cellular telephones, that have been shownto be
promising travel-time data sources for travel-time estimation (5).

It was found that the DMI technology provided an average 0.3%
difference with travel-time estimates from AV1 along the 2-mi seg-
ment of US-290 in Houston, Texas. This result indicates the suc-
cessful use of the DMI technology for test vehicle instrumentation.
Further, it demonstratesthat if there is adequate tag penetration and
ITSinfrastructure (in this case AV1), these technol ogies can replace
the need for system monitoring and travel-time runsusing individual
travel-timeruns. In addition, larger amounts of data can be collected
throughout the entire year as AVI systems continuously provide
good variability information (unlikeinductanceloop detectors). This
better information can be used to improve performance monitoring
and other real-time and off-line transportation applications.

Finally, it was demonstrated how the t-test may be used to identify
which driversmay require additiona training on theinstrumented test

vehicle travel-time data coll ection method by directly comparing the
AVI and instrumented test vehicle (DMI) travel-time estimates from
the same vehicle. The t-test analysis provided further statistical evi-
dencethat the DMI isaproven technology for performing travel-time
runs and that these travel-time estimates can be compared to a direct
ITStravel-time data collection source (AVI in this paper). This sug-
gests that the DMI technology and a t-test could be used by practi-
tionersto statistically compare direct I TS travel-time estimates from
any technology (e.g., AVI, mobilecellular telephone) at regular inter-
vals and over varying traffic conditions to identify the effectiveness
of their automated | TS travel-time data collection.

The study was controlled for several factors that could have
resulted in differences in the travel-time estimates. Several factors,
however, could not be controlled. One of these is the drivers them-
selves. Table5indicatesthat there are statistical differences between
drivers. Although the driversweretrained on the method of test vehi-
cle data collection for this study, human error in the marking of
checkpoints is present. Another factor is the time at which the AVI
system receives atag read. During congested conditions (i.e., speeds
below 30 mph) it was observed that at times the AV1 system would
read a tag when the vehicle was upstream of the actual AVI antenna
location. Thedrivers, however, wereinstructed to hit the checkpoints
below the AVI antennas. In addition, the sensitivity on a particular
AVI antennacan beadjusted. If an AV antenna s sensitivity isturned
up, theantennawill read tagsearlier thanit will at |low sensitivity set-
tings. Finally, the physical directional setting of the AV antennacan
affect when aparticular antennareads atag. It is anticipated that for
most applicationsthe differencesfound along the study corridor used
in this paper would be acceptable given the relative expense of per-
forming a DM travel-time run. Future work is recommended that
will control and isolate the effects of these additional factors and
investigate longer corridors.

There is also a need for further work that identifies individual
driver behaviors. Test vehicledriver behaviorswereinvestigated in
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the research presented here, but the driver behavior of individual
driversin thetraffic stream wasnot monitored from day to day. Pre-
vious work investigated the travel-time variability of individuals
from aggregate- and disaggregate-based travel-time estimates, and
it was found that aggregation of travel-time data can lead to con-
siderable error when compared to individual motorist travel-time
information (10). Future research is needed that will identify adriver
behavior element in comparison with other transportation system
performance measures.

Future work is also needed that directly compares DMI-
instrumented test vehicleswith test vehiclesinstrumented with GPS.
Both methods have their advantages and disadvantages, yet these
trade-offs have not been fully quantified.
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