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3.3. Database

3.3.1. Real-time data
The transmitted raw tra�c data are initially stored in the real-time tra�c data storage, an

intermediate data storage before updating the historical database. Data transmission intervals are
every 30 s for highway data and 5 min for arterial data. Thus, the intermediate storage becomes
necessary because there is no other place to store the data during the forecasting process, and the
historical database is not allowed to alter or update when a travel time forecasting process is
activated.

3.3.2. Historical data and network
Since the hybrid forecasting model is designed to predict future travel times for a period of

15±60 min, we assume that it is unacceptable if a computational delay is greater than 15 min for a

Fig. 2. A schematic structure of hybrid forecasting model.
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Recording intervals:
Highway data: 30 seconds
Arterial data: 5 minutes

Computation time: Max 15 minutes, preferably less than
1-2 minutes.
Usage: Predict travel times 15-60 minutes into the future.
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Time and link are recorded
Each link is stored twice, unless it is a one way street.
(Link ID, Historical DB ID, From Node, To Node)

Time Link
1 2 . . . n-1 n

0:00 34 29 . . . 27 14
0:05 33 31 . . . 33 12
0:10 29 27 . . . 32 11
0:15 27 25 . . . 29 9

...
. . .
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· Search range is used to limit the size of the search space in historical databases. The larger the
search range, the longer the search time. Domain ranges are �1, �2, or �3 h.

· Large K is used to limit the number of similar patterns selected from past data for forecasting in
the k-NN smoothing method of non-parametric regression module within the search range. ÔKÕ
sets of similar cases are selected based on the similarity between the current tra�c condition
and the historical database. Domain ranges from 1 to 10.

· Small k is the subset of the large K. It is used to limit the number of similar patterns to the cur-
rent condition within ÔKÕ sets of similar cases. The large ÔKÕ sets of similar cases are re-ranked
after comparing the similarity between the two: the slope of the current tra�c pattern and each
of the slopes of ÔKÕ sets of similar cases. Domain ranges from 1 to 10, but k values should not be
larger than the K value.

· Local estimation method is used to calculate travel times from ÔkÕ sets of similar cases. Basically,
each similar case is composed of a number of continuous data points. There are two methods
for estimating the travel time representing the ÔkÕ sets. Local averaging method uses only the last
set of data points of tra�c data for estimating the mean, ignoring all other data points in the
set, while local ®tting method uses all data points to delineate a local linear trend line using the
least-squares estimation.

· Data preprocessing assists in ®ltering noise from tra�c data. Users can select either the wavelet
transform technique or an outlier detection algorithm of a robust estimation method.

Table 3

Domains of model parameters

Parameters Type Domain Unit

Forecasting range Discrete {15, 30, 45, 60} Minute

Search data segment length Discrete {15, 30, 45, 60} Minute

Day of the week Binary {Consider, Ignore} ±

Search range Discrete {1, 2, 3} Hour

Large K Discrete {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} ±

Small k Discrete {1, 2, 3, 4, 5, 6, 7, 8, 9, 10} ±

Local estimation method Binary {Local averaging, Local ®tting} ±

Data preprocessing Binary {Wavelet, Outlier detection} ±

Table 4

Data structure of training samples

Training

sample

Parameter Estimated

travel

time (F)

Observed

actual travel

time (O)
P1 P2 � � � Pnÿ1 Pn

1 p1
1 p2

1 � � � pnÿ1
1 pn

1 F1 O1

2 p1
2 p2

2 � � � pnÿ1
2 pn

2 F2 O2

3 p1
3 p2

3 � � � pnÿ1
3 pn

3 F3 O3

� � � � � � � � � � � � � � � � � � � � � � � �
m)1 p1

mÿ1 p2
mÿ1 � � � pnÿ1

mÿ1 pn
mÿ1 Fmÿ1 Omÿ1

m p1
m p2

m � � � pnÿ1
m pn

m Fm Om

240 J. You, T.J. Kim / Transportation Research Part C 8 (2000) 231±256
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3.4.4. Evaluation
The evaluation module will be activated when observed actual travel times become available.

There is a time delay because the observed actual travel times are not available at the time when a
user orders a forecasting task. Based on the evaluation result, if a priori given acceptable error
margin has not been met, the hybrid forecasting model activates the ML module to readjust

Fig. 6. Flow chart of parameter learning.
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Experiment:
200 randomly selected points from the historical database
Seperated into arterial and highway data
Each experiment within 24 hours
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Fig. 14. Forecasting based on randomly selected discrete time points with arterial data (origin: B1173; destination:

B1179).

Fig. 15. Forecasting based on randomly selected discrete time points with highway data (origin: PanGyo; destination:

SinGal).
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on Freeways – John Rice and Erik van Zwet

Travel-time prediction on freeways
Uses linear regression
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Relies on several GIS layers
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Traffic variable estimation and traffic signal based soft
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Uses neural networks
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