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Abstract
Efficiency of the road network system is analyzed by travel time reliability measures. The study overlooks on an important measure of
travel time reliability and prioritizing Tiruchirappalli road network. Traffic volume and travel time were collected using license plate
matching method. Travel time measures were estimated from average travel time and 95th travel time. Effect of non-motorized vehicle
on efficiency of road system was evaluated. Relation between buffer time index and traffic volume was created. Travel time model has
been developed and travel time measure was validated. Then service quality of road sections in network were graded based on

travel time reliability measures.
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1. INTRODUCTION

Congestion, delay and unreliability are terrttsat are
most associated with present-day travel. Botlividuals
and companies suffer from economic losses duestdiloe as
well as additional vehicle operating and detourtsos$ravel
time has been a critical measure and important uneassed
to evaluate an effectiveness of the road. Forrgason, travel
time reliability measure is important to travel@msorder for
them to plan their trips effectively as well aspgters for them
to plan and select routes appropriately.

This paper will describe how measures of traveletim
reliability are used in that evaluation and bettederstanding
of the transportation system. It will explore wayswhich
travel time reliability is measured using archivdata over a
segment. It is important to communicate the wayat th
transportation investments can benefit an entigeore In this
study, a methodology is presented to estimate ltrimee
reliability based on modeling travel time considgritravel
time reliability and safety for evaluation of optoaal
efficiency of road. Travel time is modeled as action of
traffic volume, speed and distance.

2. BACKGROUND
2.1 Methods of Estimating Travel Time

Travel time evaluation methods consist of
measurements and estimations. The most popukhoth to
measure travel time directly has been theatifhg car
technique. A GPS device to record the vehicleettajy
along with time stamps. Another simple technologyideo

direct

Image Processing (VIP) system. In this methodwickemeras
are placed at origin and destination of each sestiaf the
road system. Travel time of vehicles can bgectly

obtained by synchronizing videos which were pthat the
ends of the segments.

2.2 Definitions of Travel Time Reliability

Ebeling (1997) defined reliability as “the probdtyilthat a
component or system will perform a required ction for
a given period of time when used underestaiperating
conditions. It is the probability of a non-failucer time.”
This definition of reliability is widely accepted Eengineering.
In the 1998 California Transportation Plan, reli&piis
defined as the level of variability between the entpd travel
time and the actual travel time experienced. Irhatt
definition, the expected travel time is basmd scheduled
or average travel time, while the actual travel etim
incorporates the effects of non-recurrent congestibhe
difference between the two values may be smalkliag the
facility as “reliable”, when it is consistently cgested.

2.3 Measuresof Trave Time Reliability

Measures of travel time reliability attempt to gtignboth the
variability in travel times across different daysdamonths.
Travel time reliability is an alternative tihe volume-to-
capacity ratio, and can greatly help to duiee the
adequacy of the service provided by a trariaion
network. Whereas the V/C ratio focuses specificalty the
need to design for a capacity that will meet thmaled on a
roadway, and therefore tends to lead to recommendato
build more roadways, travel time reliability meassrare
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oriented towarddetter management of the existing syste
The most common measuiieslude various indicesuggested
by the FHWA (2005). Indices of reliability are common

divided into statistical andbuffer measure. Statistical
methods include travel time window and petcegriation

shown in equations. Buffer measures are,

90" or 95" Percentile Travel Time: The 95th percentile trav:
time ensures the user is phate 1 out of every 20 trig

Travel Time Index: the average amount of time it takes
travel during peak hours compared to free flow diboms
computed as average travel time divided by free ftravel
time.

Buffer Index: the extra time thafraveler: add to travel to
make sure they are on time most of the time.

95th percentile travel time — ATT

b index =
uf fer index ATT

Planning Time Index: the total time needed to plan for ar-
time arrival 95% of the time, computed as™ percentile
travel time divided by free-flow travel time.

2. METHODOLOGY

Urban road network have been takefor the evaluation c
efficiency. Urban road networkfrom Tiruchirappalli
district through Bharadidhasan road, PuthofREroad,
Thennur high road and Thillainagar main roFull
observation was made abodiruchirappalli urba areas.
Video graphic survey was conducted from 8:00 AMLE@o0(
AM for various selected roads both directions for differer
day. By synchronizing videos, traffic volume and whutime
was obtained which were the data to estimate tfevel
time reliability measures95th percentiletravel time and
average travel timebtained from cumulive percentage of
frequency and arithmetimean equation (Traffic Engineerir
Kadiyali).

Buffer time indexwas estimated and operational efficiency
each road was evaluatedrin above parameters. Impact
Non-Motorized Vehicle (NMV) on buffetime index isto be
analyzed. After detled study was carried out about fact
that influence the travel time and operatiorféitiency of
roads, suitableparameters were considered to develop
travel time model. Thedeveloped modewas validated by
data obtained from traffic survey.

3. TRAVEL TIME ANALYSIS

Traffic volume studies were conductedl a given location.
Traffic volume count analysis gives a measure of compaos
of heterogeneous traffic on ttselected roe network. From
Figure 4.1 —4.8 gives average travel time for NMV

comparatively high.
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Figure 4.1 Bharathidasan roi: Court to American hospital
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Figure 4.2 Bharathidasan roi: American hospital to Court
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Figure 4.3 Puthur EVR road: Puthyunction to MGRstatue

Figure 4.6 Thennur high roar Thennur to Puthur junction
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Figure 4.4 Puthur EVR road: MGR statue to Put junction Figure 4.7 Thillainagar main: Salai junction to Then
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) ) . ) Figure 4.8 Thillainagar mainThennur to Salai junction
Figure 4.5 Thennur high road®uthur junction to Thenn
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Truck has second highest average travel time. Turehigh
road has the highest and Bharathidasan road hstsaeerage
travel time and has 95th percentile travel time nvbempare

to other roads. When considering direction wise,
Bharathidasan road has same and less average tiraeein
both directions. And Thennur high road has a lagerage
travel time in direction of Puthur junction to Them junction.
Bharathidasan road has less 95th percentile ttemel

4. BUFFER MEASURE

Based on BTI, Bharathidasan road was gradedhagng
more efficiency because it has low BTl andefdnur high
road has least efficiency because it hasem&T]l.
Thillainagarmain road has second highest efficiermnd
Puthur EVR road has third highest efficiency. Intpaicnon-
motorized vehicle high for Puthur EVR road. Therpaat of

4.1 Relation between buffer timeindex and traffic flow

NMV on BTI was reduced inorder of Thillainagarmaiad,
Thennur high road and Bharathidasan road.

Study were carried out for another network selectdm
Salai Road in  Tiruchirappalli as following limk
NachiyarKovil - Thillainager Road Junction, Thithager
Road Junction - Sastri Road Junction and SastrilRaaction
- Banana leaf. Analysis was carried out for diffeareype of
vehicles in both directions. From the analysis,edasnBTI,
Sastri road Junction - Banana Leaf road sectiongvaded as
having more efficiency.NachiyarKovil — Thilainag&oad
Junction road has second highest efficiency andaiRlaigar
Road Junction — Sastri road Junction has third dsgh
efficiency.
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Figure 5.1 relations between BTI and traffic flow

Figure 5.1 shows relation between buffer time indand
traffic flow which has been developed using datsaivied.
The observations made for each link in every dioector one
hour traffic flow. From this relation, buffer timéndex
increases with traffic volume. In this study thguated R-
squared statistic is 0.895 for this relationship.tis relation
is in good fit. From this model we can find reqdirbuffer
time index for different traffic flow.

5. TRAVEL TIME MODELING
5.1 Regression Analysis

A regression model expresses a ‘dependent’ variablea
function of one or more ‘independent’ variablesneally in
the form:

y=a+ fx+ fxsn.te

The line that expresses the relationship betweew Wariable,
called the dependent variable. Regression with rajlesi
dependent variable y whose value is dependent upen
independent variabbeis expressed as

y=a t+fx+ ¢

Wherea is a constant, so js xis the independent variable
andc is the error term. Standard error of the regressie
considered normally distributed with a mean of zemod a
variance equal te2.
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5.2 Model Estimation

Because travel time is a continuous variable, tirst f
modeling formulation used was a linear regressigh wavel
time as the dependent variable. Independent vadgatiat
were included in the model were average travel tivodume

and distance travelled by vehicle. Linear regressinalysis
yielded reasonable parameter estimates and madel fi

Travel time = 50.970 + (0.116*Length) - (2.060*Sgpee+

(0.022*Volume)

Table 6.1 travel time model

Parameters Explanation Coefficients Standard Error | t Stat P-value
Constant Intercept 50.970 9.989 5.108 0.000
Length Distance travelled by vehicle (m) 0.116 Q.14 0.820 | 0.000
Speed Speed during the 15-minute time,, s, 1.117 -1.845|  0.000
period (km/h)
Volume during the 15-minute time
Volume period (PCU/h) 0.022 0.102 0.218| 0.035
R Square 0.997
Observations 48

In this model length gives positive effect to tratiene of

vehicle. The reason that if the length increasesgt time and
overtaking factor of vehicle will affect. Finallynancrease in
the length of the segment will obviously increase vehicle
travel time. Speed of vehicle has negative infleer@peed
can be considered the single most important faofhrencing
travel time. When speed increases, travel timeebifole will

reduce. Volume has positive influence on traveletimodel.
Volume can have an additional impact on the flaveréase in
volume will obviously cause the congestion at teakphour
traffic flow. When congestion increases, traveldiof vehicle
will be increased.

In this study the adjusted R-squared statistic.29® for the
travel time model. In addition to evaluating thedwabfit, it is

important to ensure that all the parameters inaubhe the
models are relevant. As shown in Tables 6.1, statistics for
all parameters are between -2.00 to 2.00, makirgmth
significant at the 95% confidence level. P —valaesless than
0.05, this make the model significant at the 95%ficence
level.

Another way to assess the effectiveness of the misdey
visual assessment of predicted and actual travelsti Figure
6.1displays actual and predicted average travekedinfor
Bharathidasan road in the direction of Court to ekican
hospital from 8.00 AM to 10.00 AM. It is evidentofn the
graphs that the estimated model is effective atliptieag the
travel time on the selected road.
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Figure 6.1 variation of travel time
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SUMMARY & CONCLUSIONS

The prime focus of the study relies on use of trairae
reliability measures to find the operational effiety of urban
road network in Tiruchirappalli city. Literatureviews were
done to prioritize the techniques to be used td flre travel
time of vehicle. Analysis of traffic parameters atrdffic
volume data were carried out on the selected rokdsm
these, buffer time index in selected road was ewatli for
various types of vehicle, peak hour and in directigse.

From the analysis, Bharathidasan road is thly six lane
road in Tiruchirappalli city and has better marerability
allowing the driver to move fast with less tratigle. Thillai
Nagar and Thennur High road
commercial centres carries large amount of traffiecause
of that Thennur high road has high travel time.hButEVR
road has high impact due to non-motorized vehislgich
reduced 24.35% of buffer time index compare toeoth
selected roads. Next to Puthur EVR road, BTI reduire
order of Thillainagar main road, Thennur high roadd
Bharathidasan road.

Bharathidasan road has high efficiency due to BBk then
efficiency decreased in order of Thillainagar maivad,
Puthur EVR road and Thennur high road. Conside8alai
road network, based on buffer time index, Sasadrdunction
- Banana Leaf road section was graded asndawore
efficiency because it has low buffer time. cNigarKovil
— Thilainagar Road Junction road has secdmighest
efficiency and Thilainagar Road Junction -—stBaroad
Junction has third highest efficiency. Validatiof travel
time model was carried out by different wajyke kstatistical
method and visual graphical method. Finally modelsw
proved as fit to find future variation in travante of vehicle.
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