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Abstract. Real-time travel time reliability information has gained more and more 
attention by researchers, practitioners and travelers. This paper presents travel 
time reliability as the probability that a certain trip can be made successfully 
within a specified interval of time as a function of prevailing on-trip traffic 
conditions, particularly  traffic density. A two-dimensional graphical approach 
allows for intuitive interpretation of changes in travel time reliability at varied 
levels of route-based density at different levels of service. The latter is interpreted 
as a travel time threshold differentiating reliable and unreliable trips, the result is 
a reliability performance measure of freeways, which can be measured and used 
in real-time. 

1. Introduction 
As society’s demands and needs for quality become more sophisticated, reliability becomes 
an increasingly important attribute of road networks. There are many sources of disruption 
to highway traffic operations, ranging from irregular and random incidents, like 
earthquakes, terrorist attacks, floods, adverse weathers, traffic accidents, breakdowns, 
signal failures, roadwork, to regular fluctuation of travel demand by time of day, day of the 
week, and season of the year (Taylor, 1999). These disruptive events deteriorate the 
performance of a road network and make it unreliable and unpredictable. Thus, the 
importance of guaranteeing an acceptable level of transportation service cannot be 
overemphasized. In previous studies several reliability measures, such as travel time 
reliability and capacity reliability, which quantify the impact of these disruptive events, 
have been investigated. For example, the studies of (Asakura and Kashiwadani, 1991, Bell 
and Iida, 1997, Yang et al., 2000a, Chen et al., 2002), all used simulation-based algorithms 
such as Monte Carlo methods, to estimate reliability distributions under different OD 
demand patterns and link capacities. However, these previous reliability measures are 
difficult to be applied in a real time monitoring systems due to the difficulties to get the real 
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time demand and capacity. In this paper, we propose travel time reliability as a function of 
route-based density, which is an indicator of real time traffic condition and can be deduced 
in real-time from traffic data. 

The next section first introduces route-based density as an indicator of prevailing traffic 
conditions along a route. Section 3 presents probability-based travel time reliability as a 
function of route-density to quantify the reliability performance of freeway. Then, some 
preliminary results are presented in Section 4, while section 5 offers conclusions and 
recommendations for further research. 

2. Route-based density as an indicator of prevailing traffic conditions 
The traffic on a section of a road is characterized by some parameters that can be monitored 
automatically, such as speed and volume. These quantities can be obtained by spot 
measurements. More important for the quality of traffic flows are density and travel time. 

Density is defined as the number of vehicles occupying a given length of highway or 
lane, generally expressed as vehicles per km or vehicles per km per lane. Traffic is 
generated from various land uses, injecting a number of vehicles into a confined roadway 
space. This process creates a density of vehicles. Drivers select speeds that are consistent 
with how close they are to other vehicles. Density is also an important factor influencing 
freedom to maneuver and the psychological comfort of drivers. Thus, density is considered 
as the indicator of traffic condition (Roess and Prassas, 2001). The most obvious way to 
calculate the density K on some road segment during time period is to use the existing 
relation between this variable, the flow Q and the space mean speed V: K=Q/V. Note that 
this relation assumes homogeneous and stationary traffic conditions on the road segment of 
interest during the time period of investigation.  

2.1. Space mean speed 

(Wardrop, 1952) derived the relationship between the time-mean speed (
T
u
−

) and the space-
mean speed ( Su
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where 2
Sσ is the variance in vehicle speeds about the space-mean speed. Consequently, 

Equation (1) is applied to estimate the time-mean speed from the space-mean speed. 
However, in most cases the time-mean speed, as opposed to the space-mean speed, is 
available and it is desirable to estimate the space-mean speed from the time-mean speed. 
Because dual loop detectors do not measure/estimate space-mean speeds (harmonic mean), 
but instead measure/estimate time-mean speeds, there is a need to compute space-mean 
speeds from time-mean speeds (Rakha and Zhang, 2005). (Van Lint and Van der Zijpp, 
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2003) investigated an approximate method to estimate space-mean speed from time-mean 
speed, as follows. 
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where 2
Tσ  denotes the estimated or observed speed variance. Clearly, the arithmetic time-

mean speed will always be equal or larger than the space-mean speed. 

2.2. Route-based density 
We define route-based density as the number of vehicle for a certain trip over the length of 
this trip. Figure 1 shows the basic route properties. We use Equation (3) and Equation (4) to 
estimate the route-based density of freeway when data from dual loop detectors is available. 
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where,  ki equals density on detector i, veh/km/ln 
kr route density, veh/km/ln 
qi flow on dector i, veh/h/ln 
vsi space mean speed on detector i, km/h 
li length between detector i and detector i+1, l0=l1,ln=ln-1.  
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Figure 1 Density on freeway 
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3. Travel time reliability as a function of route-density 
Probability-based methods express travel time reliability in terms of probabilistic measures 
(Asakura and Kashiwadani, 1991, Asakura, 1996, Du and Nicholson, 1997, Bell, 1999, 
Yang et al., 2000a, Chen et al., 2002, Yang et al., 2000b). These methods have in common 
that some probabilistic measure is used as measure for travel time unreliability. For 
example, (Asakura and Kashiwadani, 1991) propose the probability that a trip between a 
given OD pair can be made successful within a specified interval of time. However, 
previous probability-based methods didn’t address the different traffic situation. 

We define travel time reliability as the probability that a certain trip can be made 
successfully within a specified travel time as a function of route-based density. Let *

r
t  

denote the (upper) threshold time for a given trip. The travel time reliability that can satisfy 
*
r
t  is defined as 
 *Pr( | )r r densityR t t= ≤  (5)                                                           
where as: tr: actual travel time for a given trip, and 

*
r
t : Threshold travel time 
density: route-based density 

This probabilistic interpretation is useful as a performance indicator for a particular road 
facility (for which sufficient historical travel times are available). 

4. Empirical studies on Delft region and results 

4.1. Detail of experimental data 
Our analysis is based on data obtained from Regiolab-Delft (Van Zuylen and Muller, 2002, 
Muller et al., 2005), in which detailed real-time traffic data is collected from a mixed 
freeway and urban network in the South-West of the Netherlands. The data for this study 
come from inductive loops on a 19.1 km section of the A20 motorway between Rotterdam 
and Gouda and a 17.2 km section of the A12 motorway between The Hague and Gouda. 
The data consists of 1-minute aggregate speed and flow observations, measured in the year 
2002. All travel times used in this paper are estimated with the ‘Piecewise Linear Speed 
Based’ (PLSB) model (Van Lint and Van der Zijpp, 2003). This PLSB method reconstructs 
vehicle trajectories and hence mean travel times based on time series of speed 
measurements on consecutive detector locations along a route. Given dense enough 
detector spacing, the resulting travel time estimates are the almost unbiased and the residual 
errors exhibit small variance (in the order of 5%).  
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4.2. Results and analysis 
Figure 2 and Figure 3 depict the contours of travel time reliability, where the vertical axis is 
the travel time threshold *

r
t  while the horizontal axis is the route-based density kr. We can 

see that the contours of both figures are rationally distributed as we expect. At a particular 
level of density, higher travel time reliability can be achieved only at the expense of lower 
level of service (i.e. higher travel time threshold). On the other hand, higher density results 
in lower travel time reliability at the same level of service. This is obvious due to the fact 
that the higher density becomes, the more congestion and delays vehicles will encounter. In 
addition, from the two figures, we can observe that both corridors’ (A20 and A12) travel 
time reliability contours exhibit very similar distribution patterns. Once the contours are 
established, a number of potential applications can be considered (also shown in Figure 2 
and Figure 3). For example, travel time reliability can be easily identified for given density 
level and level of service (travel time threshold). Once these traffic conditions are obtained, 
the travel time reliability can also be determined. Similarly, the boundary of the domain 
(density level or travel time threshold) provides the trade-off between maximum density 
level and minimum travel time satisfying the same travel time reliability. 

5. Conclusion 
Travel time reliability is studied as a real-time performance measure of freeway for a wide 
variety of traffic conditions. For a given corridor, travel time reliability is investigated in a 
two-dimensional density and service level space and represented by iso-reliability contours. 
This graphical representation allows for intuitive perception of how, and under what 
circumstances, a required level of travel time reliability can be achieved. Since prevailing 
traffic conditions can be measured in real-time, travel time reliability as proposed here can 
be used in real-time monitoring systems. 
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Figure 2 Contours of travel time reliability (A20) 

 
Figure 3 Contours of travel time reliability (A12) 

 


