
               

 
Travel time is considered as one of the most important traffic variable both for systems’ users 
as well as operators, as can be identified by the industrial applications that have been 
presented in the recent years, and the accompanied research proposed on this field. In the 
current era of rich data availability, new opportunities and threats are emerging in modeling and 
predicting travel time. The scope of this paper aims to the introduction of reliability metrics in 
travel time predictions, additionally to the requirements for prediction robustness and accuracy. 
For achieving this, a novel dynamic and adaptive mechanism for predicting future travel time 
distributions (instead of single-values projections) is proposed, utilizing extensive and multi-
source traffic datasets, able to stochastically and reliably map travel times in congested urban 
areas. The proposed framework is based on stochastic treatment of observed travel times that 
are conditioned by multiple traffic variables and collected from multiple sources (loop detectors 
and Bluetooth sensors), on a dynamic and adaptive control scheme. The methodological 
foundations of the proposed prediction mechanism rely on semi-parametric hazard-based 
modeling, suitably introduced in an adaptive calibration mode, able to project travel time 
distributions. Application results are presented in detail, using extensive datasets from the 
Cyprus Traffic Control Centre, exposing the notable benefits that can be obtained from the use 
of Big Data stochastic analysis in travel time predictions, especially in realistic circumstances. 
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Scope of the study: 
 
1. Introduction of reliability metrics in travel time. 
2. Time travel modeling and prediction based on semi-parametric hazard-based modeling. 
3. The dynamic probabilistic estimation of travel time between a predefined set of                        
Origin-Destinations (O-D) locations, by taking into account available disaggregate traffic data. 

 
Reliable travel time prediction framework that incorporates: 
 
 Dynamic characteristics. 
 Adaptiveness, to prevailing traffic conditions. 
 Stochastic treatment of all variables. 
 Reliability metrics accompanied travel time predictions. 
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 Novel dynamic and adaptive mechanism for predicting future travel time distributions. 
 Utilization of extensive and multi-source traffic datasets, able to stochastically and reliably 
map travel times in congested urban areas.  
 Addressing the travel time prediction problem based on a dynamic, adaptive and stochastic 
mechanism using hazard-based modeling.  
 Instead of single-value projections of travel time the proposed framework provides travel time 
distributions for the next time interval.  
 Reliability is achieved by giving the probability that the value of the observed travel time will 
be less-or-equal to the predicted value. 

Travel time  
 

 Constitutes the most 
easily understood 
information by non-experts 
related to state of traffic. 
 Has been regarded for 
long as a key functional 
component in ATISs. 
 Vast literature on this 
area. 
 Many related industrial 
applications that enable 
route guidance and/or travel 
time estimation (Google, 
Yandex and Tom-Tom). 
 

The proposed control framework 
for predicting travel time in real 
time is consisted of three 
separate parts : 
1. Data section (site surveillance 
system and the traffic control 
centre). 

2. The prediction mechanism.  
3. The information system that 
provides travel time predictions 
for the next time interval 
through dynamic travel-time 
maps. 

 

The prediction mechanism :  
Hazard-based Approach 
In developing hazard-based duration models the object is to estimate a cumulative hazard 
distribution function such as:   
Where P denotes the probability of an event completion on time T to be less or equal to time t.  
 
Then the hazard function is:    
 
Where    gives the rate at which events durations are ending at time less than t, given that 
the event duration has not ended up to time t. In the present case the event stands for trip 
duration (i.e.) travel time. 
Semi-parametric hazard-based modeling 
The functional form will extent the below proportional hazard modeling framework, relating 
past traffic and travel times observations to travel time distributions as an Autoregressive 
function: 
 
 
 
 
 
or as AutoRegressive function with Exogenous Information: 

 
 
 
 

where            stands for the prediction of the conditional hazard probabilities of Travel Times 
for the interval i subject to the baseline hazard function estimated using a sample of k past 
observations in the interval                and the covariates vector             for l time lags. 

Data description and preparation 

 Travel Time prediction for 27 selected OD pairs.  
 Explanatory variables : Travel Time, Traffic Flow, Average Speed, OD Flow                   
aggregated in 5-minutes interval.    
 Data collected for the second week of April 2015.  

 
Data from Loop Detectors, point specific measurements of Traffic Flow and Average Speed. 

Data  from Bluetooth Sensors, OD Flow for the selected OD pairs. 
 
 
 

 

 

 

 

 

 

 

 

 

Data  from Bluetooth Sensors, Travel Time for the selected OD pairs. 

 

 

 

 

 
 
 
 
 
 
 

 

Test bed Area  
 
 Road Network of Nicosia, Cyprus. 
 Population: 300,000.00. 
 15 Bluetooth Sensors. 
 24 Inductive Loops. 
 103 OD pairs. 
 27 selected OD pairs. 
 
The green line on the map depicts the 
demilitarized zone, patrolled by the United 
Nations Peacekeeping Force in Cyprus, 
separating the city into southern and 
northern sections.  

Travel time duration and proportional hazard modeling  
 

Evaluation of the ARXHaz model 
prediction results  

 
 
 

Comparison of travel time predictions between 
the ARXHaz model and the observed travel time  
for the OD 1001-1013  
 

 The reliability of travel time predictions depends 
on the choice of reliability thresholds/percentages 
for the predicted travel time. 
 The choice of the suitable percentage for reliable 
Travel Time prediction differs during the day.  

 

Average Traffic Flow  profile for one week. 

 

Average Speed  profile for one week. 

 

OD Flow (veh) for the selected OD pairs for one day. 

 

Mapping of OD Flow (veh) for the selected OD pairs at 

17:30 p.m.  

 

Travel Time (in minutes) cumulative probabilities for selected OD pairs for 24hours with 

red colour and different time periods with grey scale. 

Bluetooth observations with blue colour, filtered observations 
with grey colour and average travel time with red colour for OD 

1001-1002 for one day.  

Bluetooth observations with blue colour, filtered observations 
with grey colour and average travel time with red colour for OD 

1002-1001 for one day.  

 20% decrease between 
Filtered Travel Time 
Observations  and Travel 
Time Observations from 
Bluetooth Sensors. 

 High diversity of travel 
time  through the day. 

 Steep inclines appeared 
for particular time period 
of the day.  

 

 

Travel Time (in minutes) cumulative probabilities and the 
proportional hazard model ARHaz for different time periods. 

Control Framework for predicting Travel Times.  

 

Urban paths of the study and nearby detectors.  

 

Travel Time (in minutes) cumulative probabilities and the 
proportional hazard model XRHaz for different time periods. 

 

Travel Time (in minutes) cumulative probabilities and the 
proportional hazard model ARXHaz for different time 
periods. 

 

Correlation between Travel Time prediction from ARXHaz 
model and site observations for different percentages of 
probabilities for the OD pair 1001-1013. 

 

Observed Travel Time and the predictions results from the 
ARXHaz model for the OD pair 1001-1013.  
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