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Abstract

Traffic conditions on arterials tend to be consistent during peak hoetsngn-recurring events
unpredictably affect these conditions. It is vital, however, for trartsion planners as well as users of the
facility to be able to assess traffic conditions. Therefore, a reliability padiace measure is essential for
evaluation. Reliability can take many measures. Various measures are clegpsnding on the evaluation
criteria. In this study, average speed as well as number of stops datedaals in Las Vegas is used for
evaluating reliability. Reliability assessment is conducted using five diffeqgmioaches. Variability based
on normalized standard deviation, analysis of variance (ANOVA), gectiane mean estimation, reliability
as a measure of non-failures, and information Theory based apmoaphoposed. Each of which addresses
a different measure of reliability.
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INTRODUCTION

Travel time is the period of time spent by the road user traveling from ondidoctd another. Travel
times on arterials vary based on recurring or nonrecurring eventavéltime reliability” is considered a
good indication and performance measure describing the consisteneyelftimes on a certain roadway.
Travel times were converted to average speeds in this study in order to eértheavariability in distances
among the different tested road segments. Traffic congestion on rgachea only increases travel time
but also makes it more variable and unpredictable. It is considered toebef dine most important factors
influencing the departure time of driverst)( Study of travel time reliability can help in understanding
this variation in travel time and create dependability and thereby aid in traaiparsystem management
(5) (10). Literature review suggests that statistical methods for defining reliabilty haen employed by
many researchers and transportation agencies. In addition to the tradiglisaility measures, this paper
introduces confidence intervals, failure analysis method and informationythased approach. Section 2
describes the literature review. The analysis methods are explained imsgetial are applied to two arte-
rials in Las Vegas Charleston Boulevard and Craig. Section 4 and 5 surarttagiresults and conclusions
respectively.

LITERATURE SURVEY

Transportation planning and operations performance measures ltavedeital for assessment)( Berkow

in (2) introduced new performance measures related to variability of servidéerBnd planning time in-
dices were used as statistical reliability methods in a report prepared byridgmi$ystematic ). An
adaptive routing strategy, the stochastic on-time arrival (SOTA) algoriihaeveloped by Nie and Fan in
(9), which introduces least-expected travel time as a reliability performancsumeear he relationship be-
tween travel time and level of service is studied by Chen et. ab)irt(was discussed that the 90 percentile
travel integrates the average and variability into a single measure. Furtteetnawel uncertainty reduction
by travel time information was attempted using ITS.

Oh and Chungi0) address travel time variability using data from Orange County, Califoftiair
study was conducted for day-to-day variability, within-day variability, apdtial variability. They also
found correlation between travel time and standard deviation. Varioubilityianeasures were studied by
Bogersin &). Furthermore, it was noted that the application criteria is to determine witeddilidy measure
should be considered. Laml3) uses the median of travel times as a measure of reliability. A travel time
reliability ratio is defined in Black’s study 3f. It gives an assessment of the extra time travelers should
buffer based on varianced)( Skew is defined in Van Lint’s papeB)as a measure of the asymmetry of the
travel time distribution. Such measure was found to be significant in this study.

Various measures can be drawn from travel times; the appropriate ragasst be chosen based
on the assessment criteria of the system to be evaluated. In this studptitn@geare converted to average
speeds. Five different reliability approaches are used to analyzagevspeed data on the arterials in
Las Vegas area. Variance, ANOVA, confidence intervals, failurdyaisa and information theory based
approaches will be used and results will be analyzed.

CASE STUDY-AVERAGE SPEED RELIABILITY ON ARTERIALS IN THE LASVE GAS AREA
Map of Arterials Covered

Data Description

The operations data for some major street segments in the Las Vegas Mt&tropmea were collected by
the Regional Transportation Commission of Southern Nevada- FAST. Bfe#flmakes several travel runs
with Jamar GPS equipment on a particular arterial. Travel run reports ate using the Jamar software
and are printed to a pdf file. The data collected summarizes the details accuhfioitdkes various runs used
in this study. Information recorded include travel times (start and stop titeegth of the segment, number
of stops, average speed and total delay for each section within the tegtedrgt for every run. The time
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FIGURE 1 Arterials Covered in the Las Vegas Area

period of runs spans three different time of day AM, Midday and PM ferytear 2008. For the purpose
of this study, two arterials were chosen for analysis based on data #@iigil&@vaig and Charleston East as

shown in the Map in Figure 1.

Data Reliability Analysis

The term “Reliability” suggests repeatability or dependability. For a randqmer@nent this would mean
that the results of an experiment are repeatable. In terms of averag e would mean that if average
speed is measured repeatedly on a section we get comparable valuasedal grepeatability of travel time
on arterials could be framed in terms of segments, runs, etc. Thus, awsragd reliability is determined

by conducting analysis on data measured for a certain roadway.

In this study five different approaches are used in obtaining varidiabilédy measures:

* Variability, based on normalized standard deviation,

» Analysis of Variance (ANOVA)

» Average Speed Mean Estimation,

* Information Theory based Approach

Reliability as a measure of non-failures, and
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Variability, Based on Normalized Sandard Deviation (NSTD)

For a given set of average speed data on an arterial, statistical mebha caltulated given by Equation 1.
however, average speed mean is not sufficient since it does naycany information about how volatile the
average speeds are on the studied highway segment. Thereforégti@hsuof the standard deviation given
in Equation 2 are necessary in order to understand the distributive rdtaveage speedsl8). Clearly,

a lower standard deviation indicates a higher concentration of data aleauetn illustrating closer values
to the mean; thus a more reliable roadway segment.

0= = 1)
> Z"=o<]”V—77>2 @)
oN = % 3)

where

v, : Average speed on a certain highway segment

v . Average speed for the given data set

o : Standard deviation of avrage speeds for the given data set
N : Total number of data points in the data set

on . Normalized standard deviation

Tables 1(a) and 1(b) show the mean, variance, standard deviatiomyandlized standard deviation
for various segments and runs, respectively, on Charleston and. Cragires 2(a) and 2(b) show the
normalized standard deviation.

The graphs in Figures 2(c) and 2(d) illustrate the trend of the normalizedasth deviation with
respect to various runs at three different times of day AM, Midday,Rivid

Number of stops were also analyzed. Variability for segments and rurshaven in Tables 2(a)
and 2(b)

Analysis of Variance (ANOVA)

Using ANOVA, the mean of various data sets were compared for hypottessisg. A null hypothesis is
defined by determining a desiredvalue representing the variation between the various groups tested. If the
ratio of the variance among the samples means to the variance within the sdfriplesss thant" critical

F,, value, then the null hypothesigi() is accepted indicating that the variation in mean falls within the
desired regions. Otherwise, the alternate hypothésjji§ accepted.

Ho: F <F, @)
Hi:F>F,

where:

Hy : Null hypothesis
H, : Alternative hypothesis

In this study, the null hypothesis tested stated that average speedsdonsiliered data sets are
very close in value for all runs. Table 3(a) shows that the hypothesiswe@epted for run analysis; however,
it is rejected for segment analysis far= 0.05. Conclusion can be drawn that average speeds for runs
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TABLE 1 Statistical values for Charleston and Craig
(a) Segments

Segment
Statistics|Estrn |Fremont|28th Mojave |Pecos |[Sandhill|95W [95E |Sacr. |[Lamb |Marion [Nellis [Christy |Sloan [Tree Ln|Hlywd
g Mean 26.10 36.79 30.43 36.98 36.49| 26.98| 30.96| 30.79| 21.43| 32.50| 31.23| 37.50|31.21| 31.34| 35.77
E W 16.55 26.11 74.85 40.71 45.36(184.66| 109.32| 143.02| 96.88| 38.35| 54.32| 27.33|92.44| 76.81| 41.05
E Std 4.07 511 8.65 6.38 6.74] 13.59| 10.46] 11.96| 9.54 6.19| 7.37 5.23] 9.61 8.76| 6.41
< IN-Std 0.16 0.14 0.28 0.17 0.18| 0.50 0.34 0.33| 0.46 0.19| 0.24 0.14| 0.31 0.28| 0.18
Losee|Berg Donovan|Donovan| W. 1-15 |E. 1-15 |Pecos |Walnut [Lamb |Nellis - - - - - -
Mean 23.20 15.11 25.07) 28.97| 27.77| 17.36| 36.05] 38.43| 34.72 - - - - - -
-%” v 105.94( 100.78 29.06| 45.26 68.52| 99.16| 66.60| 65.93| 40.88 - - - - - -
S [std 10.29 10.04 5.39 6.73 8.28| 9.96 8.16 8.12| 6.39 - - - - - -
N-5td 0.44 0.66 0.21 0.23 0.30] 0.57 0.23 0.21| 0.18 - - - - - -
(b) Runs
Runs
AM Midday PM
Statistics 1.00 2.0f 3.0 40| 50{ 60| 7.0{ 10| 20 3.0/ 4.0 50 60 70/ 80 L0 2.0 3.0 4.0[ 5.0 60| 7.0
S Mean 29.6| 34.0( 33.8| 30.8{33.1| 34.5|32.5| 36.1| 34.7| 30.9| 30.9| 28.1| 29.3|35.7| 36.0| 26.5| 28.3| 27.7| 34.6| 30.5|3L.1|30.1
5 W 38.9| 45.5| 63.2| 89.5|45.5| 43.2|65.7| 46.6| 68.4| 99.0| 65.3(148.3|125.9|38.9| 71.6|157.1|164.9| 129.0| 90.2| 97.3|88.4| 86.2
E Std 6.2| 6.7 79 95| 67 66| 81| 6.8 83 99 81122 11.2| 62| 85| 125| 12.8| 114 95| 9.9] 94| 9.3
“ |N-std 0.2 0.2 02 03] 02 02| 02 02 02 03] 03 04 04 02 02 05 05 0.4 03] 03] 0.3] 0.3
AM Midday PM
1.00 2.0[ 3.00 40| 50{ 60 7.0{ 10| 20f 3.0/ 40 |50 | 6.0 |7.0] 1.0 2.0] 3.0 4.01 5.00 6.0 7.0
Mean 28.6| 29.0( 21.7| 22.7|26.7| 22.8|23.0| 23.3| 24.2| 25.5| 26.3 | 27.7 | 23.7 |30.2| 31.3| 29.8 | 25.1| 30.3| 35.0| 35.3|33.4
-%" W 271.0(186.0|168.4|161.8| 15.5|129.0| 70.9|172.9| 148.5|186.6|161.1| 61.9 | 67.7 |76.5| 72.1 |103.3|176.6| 132.1{118.0|130.1| 78.5
S [std 11.6( 13.6| 13.0| 12.7| 3.9| 11.4| 8.4| 13.1| 12.2| 13.7|12.7| 7.9 | 8.2 | 87| 85 | 10.2| 13.3|] 115| 10.9| 11.4| 89
N-5td 0.4/ 05| 0.6/ 0.6/ 0.1] 05| 04| 06 05 05/ 05 |[03]03[03]03]03 0.5 0.4 03] 03] 03

are very close in value; yet, variances of segments averages fortdhialags a whole are not consistant.
Analysis of variance for number of stops are presented in 3(b). Wshioat number of stops for segments
is not reliable due to significant variations in mean. However, when the vatiaet is considered in runs,
then on average number of stops is similar.

Average Speed Estimation

Average of measured average speeds of the samplesdagy or may not reflect an accurate measure of
the actual population mean(absolutely every average speed that existed). The actual aveeer: mean
can be estimated using t distribution (since actual population variance iswnkwith a certain confidence
interval as in Equation 5

1—a=95%
_uv—p
NG
95% Confidence intervals:
g g

< p<v+t,90——)=0.95
\/ﬁ M v+ a/Q\/ﬁ)

5)
Pr(v — la/2

where
v . Average speed for the given data set
o : Standard deviation of average speeds for the given data set

Table 4(a) shows the estimation of average speeds with 95 percentcadiand the 95th percentile
for the various segments and runs of Charleston and Craig. The 9%#mitas for both streets are depicted
in Figures 3(a), 3(b), 3(c), and 3(d).
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FIGURE 3 The 0.95 percentile for segments and runs

Reliability as a measure of non-failures
One can perceive average speed reliability, R, as the probability oéssiof a certain route. This method
provides probability of the extremes (pass or fail) defined in Equation @dce&s can take various meanings;
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TABLE 2 Statistical values for stops on Charleston and Craig
(a) Segments

Segment
Statistics |Eastern |Fremont [28th Mojave [Pecos Sandhill  |U.S.95W [U.S.95E
S |Mean 0.00 0.05 0.41 0.05 0.18 0.23 0.05
‘g \ 0.00 0.05 0.25 0.05 0.16 0.18 0.05
% [sTD 0.00 0.21 0.50 0.21 0.39 0.43 0.21
S [NsTD 0.00 4.69 1.23 4.69 2.17 1.89 4.69
Losee |Berg Donovan ([Donovan |W.I-15 |E.I-15 Pecos Walnut
Mean 0.76 1.14 0.00 0.05 0.38 0.86 0.24
.:1: \ 1.49 0.73 0.00 0.05 0.25 0.13 0.19
S |STD 1.22 0.85 0.00 0.22 0.50 0.36 0.44
NSTD 1.60 0.75 0.00 4.58 1.31 0.42 1.83
Sacrame/Lamb Marion Nellis Christy Sloan Tree Line |Hlywd
S |Mean 0.32 0.86 0.09 0.64 0.14 0.55 0.55 0.64
‘qmj \ 0.51 0.41 0.09 0.34 0.12 0.26 0.26 0.24
s [sTD 0.72 0.64 0.29 0.58 0.35 0.51 0.51 0.49
(5] NSTD 2.25 0.74 3.24 0.91 2.58 0.93 0.93 0.77
Lamb [Nellis - - - - - -
Mean 0.29 0.57 - - - - - -
.r‘l: \ 0.21 0.26 - - - - - -
S [STD 0.46 0.51 - - - - - -
NSTD 1.62 0.89 - - - - - -
(b) Runs
Statistics | Runs
AM
1 2 3 4 5 6 7
s Mean 0.40 0.20 0.13 0.40 0.13 0.20 0.40
‘g Vv 0.2571 0.17 0.12 0.26 0.12 0.17 0.26
(s‘s STD 0.5071 0.41 0.35 0.51 0.35 0.41 0.51
O |NSTD 1.2677 2.07 2.64 1.27 2.64 2.07 1.27
AM
1 2 3 4 5 6 7
Mean 0.3333 0.44 0.78 0.78 0.44 0.89 0.56
:’_‘f Vv 0.5 1.03 0.94 1.19 0.28 0.61 0.53
G [STD 0.7071 1.01 0.97 1.09 0.53 0.78 0.73
NSTD 2.1213 2.28 1.25 1.41 1.19 0.88 1.31
Midday
1 2 3 4 5 6 7 8
S Mean 0.07 0.33 0.27 0.33 0.47 0.47 0.27 0.13
g Vv 0.07 0.24 0.21 0.38 0.27 0.27 0.21 0.12
_,:‘3 STD 0.26 0.49 0.46 0.62 0.52 0.52 0.46 0.35
O |INSTD 3.87 1.46 1.72 1.85 1.11 1.11 1.72 2.64
Midday
1 2 3 4 5 6 7
Mean 0.89 0.56 0.56 0.56 0.22 0.56 0.22
%’ Vv 1.11 0.53 0.53 0.53 0.19 0.28 0.19
S |STD 1.05 0.73 0.73| 0.73 0.44 0.53 0.44
NSTD 1.19 1.31 1.31 1.31 1.98 0.95 1.98
PM
1 2 3 4 5 6 7
S Mean 0.33 0.53 0.40 0.27 0.47 0.40 0.33
5 \ 0.24 0.70 0.40 0.21 0.41 0.40 0.24
S [STD 0.49 0.83 0.63 0.46 0.64 0.63 0.49
5 NSTD 1.46 1.56 1.58 1.72 1.37 1.58 1.46
PM
1 2 3 4 5 6 7
Mean 0.33 0.22 0.67 0.33 0.22 0.22 0.22
:’_: \ 0.25 0.19 0.50 0.25 0.19 0.19 0.19
S [STD 0.50 0.44 0.71 0.50 0.44 0.44 0.44
NSTD 1.50 1.98 1.06 1.50 1.98 1.98 1.98

in terms of average speed, a roadway segment success can be defivieether the actual average speed is
below or above a desired average spegdefined in Equation 6.
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TABLE 3 Analysis of variance

(a) Speeds
Street  |ANOWVA results [Segment [Run
Fobs 6.41| 148
P 2.40E-11 0.08
Charleston |F 1.72 1.59
Fos 20,03 L27
P 1.82E-21 0.20
Craig  |Fem 1.99| 163
(b) Stops
Street ANOVA |Segment-wRun-wise
Fobs 8.34 0.96
P 2.88E-15 0.52
Charleston|F; 1.72 1.59
Fobs 8.10 1.14
P 3.81E-09 0.31
Craig  [Ferit 2.00 1.64
Vg = Vff A+ Vg (6)
St
R =— (7)
N

where

vq . Desired average speed
vy . Free flow average speed
v, - Average speed Threshold, ex: 5 min
N : Sample size
St : Total number of successes, wherg wy

Using this method, reliability of a roadway segmétyt that consists of multiple contiguous seg-
mentsRy, Rs ... R, is determined as implied by Equation 8 (7). However, this is true only if the ragdw
segments are independent. Therefore, further analysis must benpedfin order to determine the reliability
of a network.

R, =] R (8)

Tables 5(a) and 5(b) show the reliability obtained as a result of non-da@lnalysis. The plots in
Figures 4(a), 4(b), 4(c), and 4(d) show the trend of the reliability égnsents and runs for both arterials
(Charleston boulevard and Craig road).

Number of stops are analyzed in Figure 6

Information Theory Based Approach
In information theory, the information content, H(n), contained in a certairsatgsis given by Equation 9
(11)
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n
H(n) =) —Pilog, P,
=1
P, =n;/n 9)
k
=1

where

H(n) : Information Content
n . Total number of various average speeds
n; . Frequency of average speeds that lie within a specified interval

In terms of average speeds, high information content indicates high Nigyiai the considered
segment of the roadway. Therefore, an inverse relation of the informatintent would be a reasonable
measure of reliability. Such relation is given by Equation 10

R=1/H(z) (10)

The results for Charleston boulevard and Craig road are shown insTaaand 7(b). Information
theory based reliability is depicted in the plots in Figures 5(a), 5(b), 5(d) 5éd).
Number of stops are analyzed in Figure 8
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FIGURE 5 Reliability obtained from information theory methods

RESULTS AND DISSCUSSION

As depicted in the plots in figure 2, normalized standard deviation is relativelydetween 0.1 and 0.3)
for some segments. However, it goes up to 0.5 and 0.7 in both Charlest@raigdrespectively, indicating
inconsistency in average speeds within the segments as well as betwewmntegNormalized standard
deviation varies taking values in ranges 0.2-0.5 and 0.1-0.6 for CharlestbiCraig, respectively. This
indicates a more consistent average speeds for Charleston, thdvigfoeereliability.

The plots in Figure 3 indicate the value below which 95 percent of the dat&Claditleston clearly
shows a very low percentile for runs three and five for various times wf idlds also highly inconsistent.
Craig shows consistency for some of the runs; yet, it becomes inconsftirthe fourth run.

The reliability within the segments as the success of the extreme measure higbdy #ar certain
segments in Charleston boulevard, reliability is higher than 0.8; howevenllid e as low as 0.18 where
as in Craig road, most segments reliability is less than 0.4. Even though mweesuits showed more
consistency in average speeds for Craig, this reliability method addredisédity in terms of success with
respect to a desired average speed.

Plots in Figure 5 show consistency in reliability for Craig road ranging frodnt0 0.6 obtained
from information theory based approach. However, reliability for Clstole varies highly ranging from
0.39to 0.81. When considering runs, reliability for Charleston rangesaeet@.33 to 0.6 and 0.3 and 0.72.
Clearly, it is highly inconsistent among the various runs.

Clearly various reliability measures differ in results since every method dealdéferent criteria.
Variability, based on normalized standard deviation analyzes consisteaggriage speeds for a given road
segment. Analysis of Variance (ANOVA) compares the various segmeritatimd) any possible consis-
tency between them. Average speed mean estimation predicts averagewjpeacertain confidence level
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for the analyzed segment based on data history. Reliability as a measwre-filures indicates success of
a roadway segment with respect to a desired value. Finally, reliability lmasedormation theory approach
indicates the level of inconsistency by evaluating the frequency of data.

CONCLUSIONS

Five different methods were introduced in this paper as reliability megsumeéability, based on normalized
standard deviation, analysis of variance (ANOVA), average speed psenation, reliability as a measure
of non-failures, and information theory based approach. The firstadesha measure of variability which
indicates consistency of average speeds for the studied segment.cbhd spproach is hypothesis based
that compares the means of all data sets obtained and accepts or rejegsatnesis accordingly. Based
on data history and its statistical values, the third approach provides nmmagstimating average speeds
with a certain confidence. The fourth approach is the test of the extrevhese the reliability measure de-
pends on the researcher’s perspective or the group of interestjsqutive. Finally, the information theory
based approach examines frequency of tested values (averagis gpéais paper) and defines reliability
as the inverse relation of the information content lays in a highway segmemiseThethods were used
to analyze average speeds and number of stops for two arterials in théedgas area, Charleston Boule-
vard and Craig. Results have demonstrated the differences in the veefialdlity approaches conducted.
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TABLE 4 Mean Estimation with 95% confidence and the 95th percentils
(a) Segments
Statistics Segment
Eastern|Fremont 28th Maojave FPecos Sandhill L5 895 W U5 95 E Sacramento
Charleston [Cnfd.Intrvl 24 6<v<27.6|34.9<w=38.7|27.3<v=33.6[34 6 <v=39.3 (34 <v=30 |22 <w=32 27.1=vw«34.8|26.4<v=35.2
Percentile 30.2 41.1 40.9 44.1 42.8 42.9 42.0 42.8
Lamb Marion Nellis Christy Sloan Tree Line Hollywood
17.8<w«25 |30.2<w<=34.8 [28.5<v=33.9 [35.6<v<30.4 (27 7<v<34|28.1<v=34.5 [33.4<v=38.1
344 38.3 39.7 42.9 45.1 43.9 43.1
Losee |Berg Donovan Donovan W. I-15 E. I-15 FPecos Walnut Lamb
Craig Cnfd.Intrvl 19.3«w«27.1|11.3<w=18.9 |23<v<27.1 (26.4<v=31.5 (24 T<v<30|13.6<v=21.1|33<v=39.1 |[35.4<v=41.5
Percentile 327 346 32.8 Er: 384 39.2 46.6 46.8
Nellis
32.3=w«3T7.1
43.2
(b) Runs
Statistics Runs
A
1 2 3 4 5 [ 7
Charlaston|=nfd.Intrvl [25.9<v<33.2|130.1<w<38 |29.2<v<38.5|25.2<v<36.3|29.2<w<=37.1[30.7<v<38.3 |27 .8<w=37.2
Percentile 38.57 42.54 43.68 40.96 40.93 43.70 42.94
A
1 2 3 4 5 [ 7
Craig Cnfd.Intrel [21.5<v<=35.8(20.7<v<37 413.7<v<29.6|14.9<v<30.5/24.3<v=29.1[15.9<v=29.8 [17.8<v<28.1
Percentile 41.96 41.36 39.42 39.54 31.98 37.76 31.24
Midday
1 2 3 4 5 [ 7 8
Charleston Cnfd.Intrel [32.2<wv<=40.1f29.8<v<39.5|25.1<v<36.7|26.2<v=35.6| 21<v=35.2 [22.8<v<35.9| 32<v<39.3 |31.1<v=40.9
Percentile 43.06 43.08 39.50 39.88 41.21 42.95 42.63 43.36
Midday
1 2 3 4 5 [ 7
Craig Cnfd.Intrel [15.2<w<=31.3(16.8<v<31.7|17.2<v<33.9| 18.5<v<34 |22.9<v=32.5(18.7<v=28.7|24.9<v<35.6
Percentile 40.58 40.98 42.60 42.26 38.14 34.26 39.98
FI
1 2 3 4 5 [ 7
Charleston Cnfd.Intrel [19.1<v=33.8(20.8<v<35.8|21.1=v<34.3|29<v=40.2 |24.8<v<=36.3[25.7<v<36.6 |24 7<v<35.5
Percentile 41.91 41.14 39.42 44,82 40.73 40.35 41.25
FI
1 2 3 4 5 [ 7
Craig Cnfd.Intrvl [26.1<wv<36.5( 23.6<v<36 |17=<w<=33.2 |23.3=w<37.3|28.3<v=41.6(28.4=v=42.3 |28<v=38.8
Percentile 41.52 44.10 42.7 44.08 44,36 47.2 45.84
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TABLE 5 Reliability as a non failure measure

(a) Segments

Statistics Segment
=
2
o Eastern Fremont |28th Mojave |Pecos [Sandhill{U.5.95W [U.5.95E
=
G |r 0.14 0.95 0.50 0.95 0.86 0.45 0.64
%’ Losee Berg Donovan |Donovan| W. |-15|E. I-15 |Pecos Walnut
SR 0.43 0.14 0.14 0.43 0.52 0.14 0.76
S
o SacramentoLamb Marion |Mellis |Christy |Sloan |Tree Line |Hollywood
)
U |R 0.73 0.23 0.77 0.73 0.86 0.45 0.55 0.73
20 Lamb Mellis |- - - - - -
S [R 0.86 0.76/|- - - - - -
(b) Runs
Statistics Runs
§ AM
2 1l 2 3] 4 5| 6 7
2
O (R 0.47|0.67| 0.67|0.53]| 0.67| 0.73{0.67
w0 AM
S 1 2 3 4 5 6 7
R 0.56|0.56| 0.33]/0.33]| 0.33] 0.22(0.33
§ Midday
< 1 2| 3| 4 5| e 7/ 8
©
G R 0.87|0.67( 0.60|0.60| 0.53| 0.53|0.67( 0.73
w Midday
S 1 2 3 4 5 6 7
R 0.33{0.33| 0.33]|0.33]| 0.44| 0.33]|0.56
5 PM
K 1 2| 3| 4 s| e 7
2
O (R 0.53]|0.67| 0.53]| 0.8]| 0.67| 0.53(0.67
w0 PM
g 1 2 3 4 5 6 7
R 0.67|0.44| 0.44|0.67| 0.78] 0.78(0.78
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TABLE 6 Reliability for number of stops as a non failure measure

Segments |

5 Estrn [Frmnt |28th |Mojave |Pecos Sndhll |U.S.95 [U.S.95 [Scrmnt [Lamb |Mrn |Nellis |Christy |Sloan |Tree Line [Hlywd
@
2
‘g R 1.00| 0.95 0.59 0.95 0.82 0.77] 0.95/ 0.77| 0.27| 0.91| 0.41 0.86| 0.45 0.45| 0.36
w0 Losee |Brg St. [Dnvn V|Dnvn W. I-15 [E.1-15 |Pecos RqWInt Rd{Lamb [Nellis - - - - - -
g R 0.67| 0.29 1.00 0.95 0.62 0.14] 0.76] 0.71| 043| - - - - - -
Runs 1| 2| 3| 4| 5| 6| 7| 8

AM

Ch [R 1.00; 1.33| 1.44 1.00] 1.44] 133 1.00;

Cr |R 0.78] 0.78| 0.44 0.56 0.56 0.33 0.56
Midday
Ch [R 1.56 111 1.22 1.22 0.89] 1.22 1.44 1.11

0.44 0.56 0.56 0.56 0.78 0.44 0.78
PM

o
El

Ch [R 1.00; 1.11] 1.22 1.00] 1.00! 111 1.11]

Cr 0.67 0.78( 0.44| 0.67 0.78, 0.78, 0.78,

£
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TABLE 7 Information theory based reliability

(a) Segments

Statistics Segment
=
2
o Eastern Fremont |28th Mojave |Pecos [Sandhill{U.5.95W [U.5.95E
=
G |r 0.62 0.30 0.41 0.68 0.53 0.39 0.40
%f' Losee Berg Donovan |Donovan| W. |-15|E. I-15 |Pecos Walnut
SR 0.42 0.46 0.50 0.43 0.44 0.44 0.48
g
o Sacramento|Lamb Marion |Mellis |Christy |Sloan |Tree Line |Hollywood
=
G |r 0.45 0.38 0.59 0.46 0.56 0.41 0.42 0.48
20 Lamb Mellis |- - - - - -
S [R 0.56 0.47|- - - - - -
(b) Runs
Statistics Runs
S AM
= 1 2 3 4 5 6 7
£
< |R 0.47 0.45 0.45 0.37 0.45 0.45 0.45
AM
%" 1 2 3 4 5 6 7
S |r 0.41 0.37 0.40 0.37 0.74 0.46 0.41
5 Midday
9 1 2 3 4 5 6 7 8
£
J |R 0.55 0.43 0.45 0.44 0.36 0.37 0.56 0.52
Midday
%" 1 2 3 4 5 6 7
S |r 0.29 0.39 0.41] 041 0.51 0.41 0.41
5 PM
= 1 2 3 4 5 6 7
£
< |R 0.34 0.37 0.37 0.51 0.44 0.51 0.43
P
%" 1 2 3 4 5 6 7
S |r 0.41 0.44 0.40 0.44 0.47 0.49 0.49
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TABLE 8 Reliability from information theory

Segments

é EasterfFrmnt |28th [Mojave |Pecos [Sndhll |U.S.95 [U.S.95 |Scrmnt [Lamb |Mrn |Nellis [Christy |Sloan |Tree Line |Hllyw:
4]
‘g R - 1.00 1.00 1.00 1.00 1.00 1.00 0.63| 0.63| 1.00| 0.63 1.00| 1.00 1.00| 1.00
o Losee {Brg St. |Dnvn {Dnvn Wy W. I-15 [E. I-15 |Pecos RqWInt RdJLamb  [Nellis - - - - - -
gR 0.50| 0.63 - 1.00 1.00 1.00 1.00 1.00 1.00| - - - - - -
Runs 1] o o 5| of 7] 8

AM
Ch [R 1.00 1.00| 1.00 1.00 1.00 1.00 1.00
Cr |R 0.63 0.63| 0.63 0.50] 1.00 0.63 0.63

Midday
Ch [R 1.00 1.00| 1.00 0.63 1.00 1.00 1.00 1.00
Cr |R 0.50] 0.63] 0.63 0.63 1.00 1.00 1.00

PM

Ch |R 0.63 0.63| 1.00 0.63 0.63 0.63 0.63
Cr |R 1.00 1.00| 0.63 1.00 1.00 1.00 1.00
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