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Abstract - This research adopts a functional data analysis method that is mainly based on a mixture prediction method to 

analyze and predict travel times; such analysis and prediction constitute an essential component in Intelligent Transportation 
Systems applications. The mixture prediction method is developed through three major modules, i.e., functional clustering 
for historical functional travel time patterns, probabilistic functional classification for newly observed travel time 
trajectories, and linear regression model fitting for travel time prediction. 
The research framework was demonstrated with data on 80 days of Electronic Toll Collection (ETC) travel times retrieved 
from the website under the database TDCS_M04A constructed between interchanges 01F0155S (Donghu) and 01F0880S 
(Chupei) on Taiwan Area National Freeway Bureau of Republic of China’s Ministry of Transportation and Communications. 
The demonstration encompassed 57 weekdays and 23 holidays from 2016/09/01 to 2016/11/30. 

The preliminary result shows the best combination of observed time (ω) and unobserved (ν) time occurred at (ω=3, ν=2) 
with mean absolute percentage error (MAPE) equal to 7.26 and the usefulness of functional data analysis in analyzing and 
predicting the travel time trajectories on freeways is supported, similar to results for the traffic flow trajectories (Chiou, 
2012). However, intensive research on different combination of (ω,ν) under various traffic conditions must be performed 
before a firm conclusion can be reached. Moreover, the merit of the functional data analysis, particularly the functional 
clustering method, can be readily employed by other “decomposition” type methods, such as Hilbert-Hwang Transform 
(HHT), to enhance their accuracy in prediction of travel times. 
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I. INTRODUCTION 

 

Travel time information is essential for travelers to 

reduce travel and waiting times and for traffic 

engineers to improve overall network efficiency. For 

travelers, travel time information can be used to 

determine suitable travel choices such as departure 

time and route choices. For traffic engineers, travel 
time information can be used to alleviate traffic 

congestion and negative effects of traffic accidents, 

thus enhancing the overall proficiency of an arterial 

or entire network. 

 

Various methods for travel time prediction have been 

proposed. For long-term planning purposes, traffic 

assignment and its extensions (or so-called combined 

travel choice models) are suitable. The accuracy 

requirement with respect to travel time prediction is 

relatively lower in long-term planning applications. 
However, for operational purposes, short-range route 

travel time prediction from one origin to a destination, 

such as fixed route travel time prediction to an airport, 

is more useful for route guidance. The accuracy 

requirement for travel time prediction in short-range 

operational applications is relatively higher than in 

long-range operational applications. 

 

This research will focus on short-range, dynamic 

route travel time prediction. Dynamic route travel 

time prediction can be applied on surface roads and 

freeways. Since the proposed research framework for 
travel time prediction is still at embryo stage, a 

segment of the highly utilized Taiwan No. 1 freeway 

is chosen here as the target subject for travel time 

prediction using the available Electronic Toll 

Collection (ETC) data. 

Our contribution is in validating a functional data 

analysis method with a Taiwan No. 1 freeway ETC 

data. 

 

II. METHODOLOGY 
 

This research adopts a functional data analysis 

method that is based mainly on a mixture prediction 

method to analyze and predict travel times; such 

analysis and prediction constitute an essential 

component in Intelligent Transportation Systems 

applications. The mixture prediction method is 

developed through three major modules, i.e., 

functional clustering for historical functional travel 

time patterns, probabilistic functional classification 

for newly observed travel time trajectories, and linear 
regression model fitting for travel time prediction. 

The research framework is based largely on 

functional data analysis, or particularly, mixture 

prediction method (1,2). Three major modules can be 

identified: functional clustering for historical 

functional travel time patterns; probabilistic 

functional classification for newly observed travel 

time trajectories; and linear regression model fitting 

for travel time prediction.  

 

III. RESULTS AND DISCUSSION 

 
To apply functional data analysis for travel time 

prediction on freeways, this research uses the ETC 
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daily average travel time data (recoded every 5 

minutes between consecutive gantries under the 
database TDCS_M04A) for a Taiwan No.1 freeway 

segment (southbound from Donghu interchange to 

Chupei interchange, about 76 kilometers) for 91 days 

(from 2016/09/01 to 2016/11/30). The ETC system 

equipped on Taiwan freeways is the largest in the 

world. The travel time data under the database 

TDCS_M04A can be retrieved from the website 

constructed for Taiwan Area National Freeway 

Bureau of the Ministry of Transportation and 

Communications (MOTC) (3). The retrieved 91 days 

(2016/09/01 to 2016/11/30) of travel time data, must 

screen out abnormal data, after which 80 days data 
including 57 weekdays and 23 holidays were left and 

used for analysis. 

To verify the usefulness of the research model, the 

80-days’ travel time trajectories are randomly divided 

into two groups, 62 (including 43 workdays and 19 

holidays) for training and 18 (consisting of 13 

workdays and 5 holidays) for testing. By functional 

principal component analysis in package “fdapace” in 

R, particularly k-centers clustering algorithm, 

introduced in section 3, the training data set can be 

further classified into two clusters, in which cluster 1 
accounts for 43 days and cluster 2 consists of 19 days. 

This research was conducted using a web crawler 

interface written by the authors for ETC data retrieval 

and the free, i.e., open source, package called 

“fdapace” (Functional Data Analysis and Empirical 

Dynamics) in R (version 3.4.0 on 2017/01/25). R 

language is a free software that evolved from S 

language and can be downloaded from CRAN 

(Comprehensive R Archive Network). The core of 

this package “fdapace” is Functional Principal 

Component Analysis (FPCA) which is a key 

technique for functional data analysis, for sparsely or 
densely sampled random trajectories and time courses, 

via the Principal Analysis by Conditional Estimation 

(PACE) algorithm (4). 

The preliminary result shows the optimal number of 

clusters equal to two and the best combination of 

observed time (ω) and unobserved (ν) time occurred 

at (ω=3, ν=2) with mean absolute percentage error 

(MAPE) equal to 7.26 and thus the usefulness of 

functional data analysis in analyzing and predicting 

the travel time trajectories on freeways is supported, 

similar to results obtained for the traffic flow 
trajectories. 

 

CONCLUSIONS 

 

In this research, a functional data method was 

adopted to analyze travel time patterns and predict 

future travel times. As a demonstration of this method, 

an experiment was conducted using the electronic toll 

collection (ETC) daily average travel time data (from 

2016/09/01 to 2016/11/30) on a Taiwan No.1 freeway 

segment. We conclude and summarize the findings as 
follows: 

(1) The functional clustering procedure starts 

with initial cluster subspaces and then iterates 

between cluster subspaces and cluster memberships 

until convergence. As for cluster memberships, the 

posterior probability of one observation associated 

with each cluster is quite distinct during peak hour 

and similar during off-peak. 

(2) For each cluster subspace, a functional linear 

regression model is constructed by functional 

clustering for cluster structure and by functional 

regression analysis for regression coefficients using 
historical or training data. 

(3) This mixture prediction model combines the 

functional prediction model with functional clustering 

and classification methods for predicting travel time 

on freeways. 

(4) The proposed model is evaluated for 

prediction accuracy using MAPE criteria. Comparing 

different combinations of observed time ω and 

unobserved time ν, the pair (ω=3, ν=2) performed the 

best with MAPE=7.26%. 

This research verifies the usefulness of the function 
mixture prediction model in the application to travel 

time prediction, just like traffic flow prediction (1) 

but more useful in generating suitable traffic control 

policies by monitoring travel times during peak hours. 

Further, real application must be performed and 

intensive research on clustering, posterior cluster 

membership probability and different combination of 

(ω,ν) under various traffic conditions should be 

conducted before a firm conclusion can be reached. 
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