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Abstract
This paper address the problem of the usage of the in-vehicle sensor data collected in naturalistic driving conditions. Many applications in the intelligent transportation system research area require complex analysis of such data, taking account of the spatial localisation and the road network topology. An extended database management system using specific model for moving objects and sensor data, and fulfilling most of the application requirements, is presented. 

Introduction
In most cases, it was shown that driver’s failing is the main cause of accidents. Then, Advanced Driving Assistance Systems (ADAS) are intended to help the driver and prevent its failing. But, to be efficient and well accepted, ADAS must fit as well as possible with the situation in order to make it safer and conform to the driver’s behaviour and expectations. It is then important to have a good knowledge of driver behaviour in normal or pre-crash situations. Up to now, except for data from driving simulator (distorted sometimes by the simulation environment), we have very few information that could permit to understand how drivers act in normal condition or to assess the impact of an ADAS by comparison to driving with and without the system.
Since a few years, the concept of Naturalistic driving that consists in collecting a large amount of data from a large number of drivers over an extended period of time in natural situation, makes possible to lead in-depth behaviour and epidemiological analysis. Naturalistic driving becomes economically possible because modern vehicles are natively equipped with sensors, avoiding extensive and expensive instrumentation. Thus, vehicles have to be equipped with a data logger which mainly records data from the car multiplexed sensor bus (CAN). Besides the tools required for proper data collection the question of data storage must also be addressed. Actually, database is an important component of the whole data-chain because it will contain a huge amount of data that will be quite unworkable if badly designed. Moreover, data from naturalistic driving experiences have three important specific characteristics: It concerns moving objects, it is generally doubly referenced (over the time and over the location), and the location itself could be map matched on road network provided with a topology
For a long time, data recorded from vehicle was considered as time series. Then, databases were structured such as to support queries allowing different kind of analysis over the time, which turned out to be inadequate in some cases. Data from naturalistic driving need to be manipulated in a more sophisticated way. However, the state of the art database management systems (DBMSs) fail to handle such complex data and their processing. This leads us to develop an extended DBMS to fulfill the application requirements.
In the sequel, we present the work currently lead in the framework of a cooperation involving the LIVIC (a research dept. from INRETS and LCPC - France) and the PRISM Laboratory (a research dept. from Versailles University – France). Firstly, we present some applications that motivate our approach. Secondly, the DIRCO data logger will be briefly described followed by the database architecture and extension. Finally, some research topics in prospect will be given.
Applications motivating the approach
Among the main topics that can be investigated thanks to the naturalistic driving approach, it should be mentioned: behaviour pattern classification (e.g. quiet vs. aggressive, quiet vs. sporty driving), behaviour stability over the time, relationship between driver’s behaviour and infrastructure characteristics, pre-crash study and driver countermeasures for crash avoidance, impact of ADAS on safety in terms of reduction of fatalities or serious accident, impact of driving behaviour on fuel consumption, etc. More surprisingly is the fact that Naturalistic driving opens the way towards a dual analysis, based on detection of widespread abnormal driving behaviour allowing then, infrastructure diagnosis and black spot detection. Some applications motivating the development of the proposed DBMS system will be presented in the paper, but just two of them are concisely given here.
1- Legal speed analysis
Most of the transportation studies are involving speed profiles. Usually, these profiles are considered as time series without any spatial considerations. It is interesting for the user to deal with speed profiles as functions of both continuous time and space. It would be of great interest to obtain all the speed profiles for the trips passing through two given locations. Moreover, assuming available a speed limit database, one may want to compare those legal speeds to the speed profiles of all the drivers taking this route by using the following query:
“Given the speed limit database on a specific area, retrieve all the places where instantaneous speed is 30km/h above the speed limit for a given percentage of the passing vehicles”
2- Fixed speed enforcement camera impact assessment
During the past few years, the French road network has been covered with safety cameras. It is of great interest to study the route choice made by the drivers before/after the installation of a new speed control system. Here is an example of an interesting query:

 “Given an origin/destination, retrieve all the route choice for all the trips passing through those two locations, before/after the camera installation”
These examples show that databases for moving objects and spatiotemporal series should offer a structure and a set of queries different from temporal series, opening thus a new research field which concerns moving objects with embedded sensors databases.
The DIRCO data logger
The DIRCO has been developed by LIVIC for three main purposes: driver’s behaviour analysis, driving risk investigation and infrastructure diagnosis.
The DIRCO is a data logger designed to be embedded into a vehicle. It records data from the vehicle CAN bus and optional sensors. In addition, the DIRCO contains an inertial sensor providing Euler angles (pitch, roll and yaw), angle rates and accelerations. It accepts NMEA frames from an external GPS and it records JPEG images from a webcam. The DIRCO works in a standalone mode meaning thus that it is totally invisible to the driver. It activates automatically just after the vehicle is started and deactivates by itself a few minutes after the vehicle is turned off. Each trip leads to the creation of files which contains a set of records. A record is a sample of geo-localized variables referring to a unique timestamp. The DIRCO is highly configurable according to the use, in order to control the sampling and recording modes. 
Database System Architecture
Our system architecture is based on the capability of most databases engines to meet the needs of some applications, and uses as database server Oracle 11g Enterprise Edition.

Given the application type, the first step is to specify an abstract model. We propose a specific model for moving objects and sensor data. It is formalized as an extension of a well known algebra for moving objects. The proposed algebra is defined by a specific type set and a collection of operations. The novel types are implemented thanks to the existing capabilities of modern DBMSs in supporting object types. Afterwards, new operations are defined over the data types. These operations can be used in SQL queries along with the existing operations in the DBMS. Finally, some filtering operations, i.e., operations used to identify the moving objects that verify a certain spatial, temporal or on sensor value predicates, are indexed in order to accelerate the query response time and to achieve the scalability with the dataset size. We integrate the indexes by using the data cartridges in Oracle. 

A major strength of our system is to model the recorded data sequences (location and measures) by continuous functions. This is twofold: it captures the continuous evolution over time and space, and it makes it easy to integrate and query multi-source and asynchronous data sequences. Hence, we define three main types in the type system. A spatio-temporal one that models the movement of the vehicle, and which is represented by a function from time to space. The two other types concern the modeling of the sensor data: one represents a temporal view of the evolution of a captured sensor value while the other provides a spatial view of its variation. More precisely, the temporal view is represented by a function from time to real values, and the spatial view, by a function from space to real values. This spatial view is a novel concept, which is very useful in the context of our application, as for analyzing speed profiles.

The algebra includes numerous operations classified in several groups. As an example, we enumerate a few: trajectory returns the spatial projection of a spatio-temporal trip, intersects could be used to verify if two such projections intersect, mean computes the average value for a sensor data given a spatial or a temporal interval, the passes predicate verifies if a function ever assumes a given value, and the present predicate, if a function is defined at a certain time instant. Some example queries expressed in the usual SQL query language that use such operations will be given in the paper, along with some visual snapshots of the results. More detail about the algebra and query scenarios will be given in the final paper.
Conclusion

The presented work has several novel approaches that, in our opinion, would be very useful for a deep and extensive study of the Naturalistic driving problem. In order to be able to analyse datasets of such size, we currently develop an extension of a DBMS that can handle it, and most important, that offers a highly flexible and scalable methods, which will constitute the base for statistical and data mining studies. The experimental results obtained over both real and synthetic data confirm the validity of our approach.



























