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Abstract— This paper describes a global database recorder 

architecture following a multi agent system philosophy to provide 

a specific global database information service. The global 

database stores relevant vehicles information, related to trips 

data and risky situations occurred. Trip information and risky 

situations details (stored previously on vehicle’s local databases) 

are gathered together and used to show traffic hotspots in a 

graphical representation. In our work, each vehicle has a local 

database managed by an on-board system. This local database is 

fed by a pre-collision system and a perception system that 

identify traffic hazards. The global database can automatically 

collect all vehicles’ local databases and is then exploited for a 

novel report system that shows traffic hotspots as highlighted 

points in a geographic map. 

Keywords— traffic hotspots; IVDR; risky traffic situations: 

multi-agent. 

I. INTRODUCTION 

Intelligent vehicle’s observation data such as traffic route 
or special events records are integrated and stored into spatial 
and temporal database systems [1]. For those purposes various 
services and on-board systems have been developed, in order 
to support many kinds of services such as risk assessment 
applications. 

Nowadays risky traffic situations in urban areas have 
become a relevant issue because, while interurban accidents 
are steadily decreasing in number and injuries severity, the 
number of urban accidents implying damage to people is not 
showing an equivalent reduction [2]. In this work we focus on 
risky traffic situation in urban areas including collision with 
other vehicles, objects, pedestrians, cyclists or animals, and 
even a collision possibility (that may finally not occur).  

According to Spanish transport agency (DGT) [3], in 2010 
urban accidents with victims were about 54% of the total, 
where 87% of the victims are pedestrians. Overall in Spain, 
the number of fatalities in road accidents in the last 10 years 
(2001-2010) has decreased by 44%, while the reduction of 
urban accidents in the same period is only around 16%. It is 
worth mentioning that people of over 75 years is the most 

affected group reaching almost 22% of the total deaths. 

According to the same report, in 2010 urban accidents 
occurring at intersections reach almost 50% with a mortality 
rate of 37%. In contrast, accidents occurring at through roads 
are apparently fewer and barely reach 1.3% of the total, but 
with a mortality rate of 9%.  

In detail, the most common types of urban incidents are 
going through traffic controls (red lights, stop, or yielding 
signs), striking vehicles or objects, running off roads, and 
turning left in intersections where it’s not allowed [4].  

It is also worthy to mention that not all of these risky 
situations should be attributed to drivers, some of them are due 
to deficiency in road signs, inadequate design of urban roads, 
lack of visibility, etc. [7]. 

This paper describes, on the one hand, a global database 
architecture following a multi agent system philosophy to 
provide a specific global database information service.  On the 
other hand it also describes a communication process, aimed 
at uploading relevant data stored in every individual agent to a 
global database.  

Specifically, on section II we present an experimental In-
Vehicle Data Recorder system (IVDR) as a solution for 
storing trip data and risky traffic situations, similar to [1]. Two 
approaches to information capture are described: a typical 
IVDR architecture, and also an ad-hoc interface. On section III 
presents the Global Database architecture, as a solution to 
multiple data-transfer and data-save problem. The information 
gathered can be used on subsequent tasks such as analyzing 
situational driver behavior, fatigue or distraction [13] or 
reporting geographical locations turning out as accident 
hotpots [15].  

A principal goal can be focused to save trips important 
data, for make a subsequent analysis and create, for example, 
safe driving protocols, and reduce traffic problems on roads. 
Additionally, this paper presents a modern method to upload 
traffic data recorder.  

This work was supported in part by the Regional Government of Madrid 
under the S2009/DPI-1509-SEGVAUTO grant, and the PN I+D+i under the 

TRA2010-20225-C03-02 SAMPLER grant. 
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Fig. 1. On-board trip information recording system architecture. 

In this method, each cooperative vehicle transfers the 
particular IVDR data to a global database [1, 11]. All database 
will be upload using a Wi-Fi connection when it`s available, 
or an ad-hoc interface when the Wi-Fi interface is not 
available [18].  

The IVDR is a novel technology-based solution to assist 
drivers to reduce the risk of being involved in car crashes, this 
technology assist warning them when approaching to locations 
already identified as risky ones or even taking some corrective 
actions on the vehicle.  

A number of IVDRs systems have been proposed in recent 
years and used for collecting different kinds of driver 
information or risk events. IVDRs are on-board devices that 
record information about the vehicle’s movement, driver 
control actions, vehicle’s dynamics, etc. [1]. 

A global database service allows automatic uploading of 
all cooperating vehicles IVDR contents, thus allowing the 
aggregation of data recorded in lots of individual trips. This 
rich information is used to generate a geographical 
representation of the traffic hotspots found and can be also 
exploited in many other ways. 

We summarize the specialized on-board vehicle’s 
information storing system, and describe the specific IVDR 
system developed. The basic modules are described in 
paragraphs 2 and 3 of this document. We also report the 
experimental results (paragraph 4) and conclusions and futures 
works in paragraph 5. 

II. ON-BOARD ARCHITECTURE 

An overview of the on-board trip information recording 
system is shown in Fig. 1. In each individual vehicle, the on-
board system is made up of a perception system, a pre-
collision system and an in-vehicle data recorder (IVDR) [1]. 
These subsystems are feed by GPS, Laser and Camera devices 

with measures amount t, where 0<t <10seg.  

 The perception system is based on a hybrid computer 
vision and laser technology application aimed at 
obstacle detection.  The computer vision subsystem is 
equipped with two high-resolution (1392x1040) color 
CCCD cameras mounted on the vehicle’s roof.  

 They take images of the road ahead that are then 
processed trying to detect and identify obstacles and 
traffic sings. Both cameras have a focal length of 12-
mm allowing the system to detect traffic signs at 
distances up to 80 meters. The laser sensor used is the 
LMS 291 S-05 from SICK providing an effective 150º 
field of view and 60-70m detection distance with and 
an angular resolution of 0.25º. The fused camera and 
laser information allows the detection and 
classification of objects showing high variability, such 
as those found in any urban environment. 

 The pre-collision system is equipped with an automatic 
gearbox, having its throttle, brake and steering wheel 
fully automated and prepared to be controlled from the 
on-board collision avoidance system [5].  

 The automatic throttle controls the fuel injection 
according to the voltage signal generated from the on-
board system through an acquisition data board unit. 
The automatic braking module is a DC motor acting on 
a pulley that can push the brake pedal. The steering 
system is assisted by a servo-system attached to the 
steering rack through a gear.  

 That way the automatic actions can override the 
driver’s actions if desired since the system is capable to 
switch between the manual and autonomous control 
through a power relay box. The three actuators are 
controlled with commands provided by the pre-
collision system or other inputs for autonomous 
driving. When the automatic mode is activated, the 
driver cannot control the accelerator pedal but does not 
completely lose control of the steering of the vehicle. 

 To position the risky situations, the test-bed is 
equipped with a GPS receiver with an update rate of 
5Hz, which is fairly enough for automotive navigation. 

The perception system sends images to IVDR, and the pre 
collision systems send the risk information after to identify the 
risk situation.   The IVDR has been designed to record trip and 
risky situations data. In common urban traffic, a situation is 
considered as risky if it increases the likelihood of an accident 
to occur be.  

A risk situation can be classified as a collision or pre-
collision one. A collision is a contact situation whit moving or 
fixed objects, and a pre-collision is a no contact situation that 
can include an evasive maneuver to avoid a collision [15]. 

For each risky situation, the system saves vehicle details 
and a set of images related to the risk event, and then passes 
this information to the IVDR. 

A. The IVDR system 

The even-increasing computational capacity of devices 
presents an opportunity for data processing and data analysis, 
specifically for use on applications and scenarios where data 
are continuously streamed to the device [1].  Typical IVDR 
applications scenarios are the analysis of data from sensors in 
moving vehicles to prevent fatal accidents, early detection of 
risk situations, or monitoring and analysis information [2].  



TABLE I.  GPS RAW DATA. 

$GPGSA,A,3,01,,11,13,17,20,23,31,32,,,,1.9,1.1,1.6*38 

$GPRMC,141132.0,A,4021.29320,N,00354.21678,W,000.00,227.2,111212,002.5,W*5B 

$GPGGA,141132.0,4021.29320,N,00354.21678,W,2,08,1.1,655.4,M,52.0,M,,*41 

$GPVTG,227.2,T,229.6,M,000.01,N,0000.01,K*74 

$GPRMC,141132.8,A,4021.29320,N,00354.21678,W,000.01,227.2,111212,002.5,W*52 

$GPGSA,A,3 

 

 
  

Fig. 2. Message sequence in a risky event capture. 

Similarly to other data recorder systems, our IVDR capture 
trip’s raw data in real time using a Garmin 18x GPS device 
with an update rate of 5Hz. Data are composed of parameters 
that detail the vehicle trajectory during a trip: speed, location 
and time data. Table 1 illustrates raw data captured by the 
GPS. 

The IVDR captures trip’s raw data from the GPS and 
generates a structured data string as an input to the local 
database. Raw data is cleaned up to keep only position data 
and rearranged in a new string. Strings are sent through a TCP 
socket using pipe characters (‘|’) as separators for the 
attributes. When a risk situation is detected, the raw data are 
augmented in order to fully identify the situation.  

The IVDS adds an object identifier followed by an incident 
code, and a set of images related to it. The following line 
shows an example of a string with information of an object 
within a frame: 

Object|Incident_id|timestamp|object_type|width|height|X_c
oord|Y_coord|cert. 

In order to identify risky situations as such, a decision 
engine is being used. The decision engine is an Expert System 
that analyzes real-time inputs and decides if the current 
environment conditions represent a risky situation.  

The decision engine is designed as a deterministic finite 
state machine (DFSM), where its behavioral model goes 
through the different states according to the accomplishment 
of certain rules driven by a set of inputs (vehicle speed, 
distance to the nearest obstacles, availability of side space, 
etc.) [15]. 

For saving a detected risky event, an actions sequence is 
activated, as shown in Fig. 2. Here an Object is any obstacle 
identified by the risk recognition algorithm (Actor) and 
involved in the risky situation. When such an Object is 
detected, a risky event signal is triggered to a RiskyEvent 
instance in order to start additional data and images capturing. 

 

 
 

(a) 

          width (double):  detected object width 

          height (double):detected object height 
          X-med(double): X axis coordinate for object center 

          Y-med(double): Y axis coordinate for object center 

          Y-max(double): object’s extreme points coordinates 
(b) 

Fig. 3. Obstacle’s information fields and description. 

The RawData instance picks up the GPS specific data 
localization, while the RiskyEvent instance starts the data-
objects capture, then it sends a message to the ImageCapturer 
instance, which handles the capture of the additional images 
set. 

A hazardous situation may contain objects that represent 
the pedestrians, vehicles, etc. The connected sensors identify 
these objects. The Laser module sends raw data using 2 bytes 
for each pick-off. Additionally, sends an operation signal, a 
resolution signal and a vision field (from 0 to 180º) signal.  

In this work, we handle several objects types, being that 
objects encoded on the local database. When an obstacle is 
detected (Fig. 3-a), the Laser module sends the related data to 
the IVSD so it saves it on the local database.  

This data is also represented as a string, using pipe 
characters as attributes separators.  The following string is an 
example of Laser data:  1|7|5|4.3|3.7|1|1|9.3|8.7|, where the 
first field corresponds to object type (1: pedestrian, 2: fix no-
elevate object, etc.) and other values correspond to 
measurements described in Fig. 3-b. This information is 
related to the current vehicle’s position and trajectory obtained 
from the GPS as previously indicated. 

When a risk situation is registered, the control is taken 
over by the pre-collision system again and all event-related 
details are saved on a local hard-disk for the IVDR system. 
However the capacity of on-board systems to perform real-
time tasks is limited. One of the objectives of the experimental 
on-board system is to evaluate the computing requirements 
(memory, storage, CPU time) needed.  

A second objective is estimate if devices connection 
handling and data transfer rates are correct. The risk 
evaluation algorithms are just simulated in that work since 
they are a separate component of the overall system, as 
presented in [15].  

To simulate the on-board prototype system operation, risky 
situations are manually identified and then a risky event signal 
is triggered to the RiskyEvent instance (see Fig. 4). For this 
proposal, an SQLite local database has been designed and  



 

Fig. 4. IVDR on-board interface. 

implemented in order to capture and save local data-trips 
information. In this work philosophy, a local database is put 
on each vehicle in order to collect data travels. Fig. 4 shows 
the manual vehicle’s data capturing interface. It’s composed of 
two windows; the first one captures GPS values while the 
second one captures the images related to risky event detected. 

When a risky situation is manually triggered, the first interface 

sends a socket to the second one as a command that transfer 

the control and start the image capture process. When both 

processes are concluded (GPS capturer and Images capturer), 

a new risk record is created on local database, and then GPS 

data and images are stored in the vehicle’s local database. 

III. THE GLOBAL DATABASE ARQUITECTURE 

The global database is the final layer that provides trips 
data and risky events details to the hotspots map-viewer 
system. Historical vehicle’s data of trips and risky events are 
downloaded from all cooperating vehicles’ IVDR local 
databases using: (a) an automated base station-vehicle 

communication protocol [18] or (b) a manual uploading using 
an ad-hoc interface.  

In a fully developed system, the automated downloading of 
IVDR data to the global database will allow to use any 
accessible Wi-Fi as soon as a vehicle detects it, providing 
nearly “live” feedback to keep the global database updated. 
This way, new hotspots can be detected as they arise, so the 
reaction time for taking preventive actions is reduced.  

This section describes the base station to vehicles 
communication protocol, based on previous proposals as [17], 
[18].  

When a vehicle can communicate directly and transfer 
data, the Wi-Fi connection is used. If the base station-vehicle 
communication fails, the base station sends a failure code to 
the transmitting vehicle, and the communication is down. 
Then when the data transmission can be retried, the data 
transfer is beginning and hold until the base station-vehicle 
communication is successful.  

 

 

Fig. 5. Upload ad-hoc interface. 



On the communication protocol, the followings characteristics 

are assumed: 

 

1) The network is a Wi-Fi consisting of a base station and 

some IP-identified vehicles that include a Wi-Fi device. Each 

vehicle within Wi-Fi range, transmits a Join Request 

periodically, and transfers the information as TCP/IP data 

frames when a confirmation message from the base station is 

received. 

2) The TCP/IP data frame composition is based on the 

half-duplex system philosophy. A data frame sent from a 

vehicle uses the variable length frame consisting of a frame 

control message slot (CMS), a set of collected data, a message 

data slot (MDS) and a data relay slot (DRS). A frame CMS is 

used in order to notify synchronization between a vehicle and 

the base station, and consists of two fields: a request ACK 

channel and a vehicle ID. When the base station accepts the 

transmission, the vehicle starts sending data frames.  

3) A MDS is used in order to ensure the transmission. The 

MDS consists of an end-data-transfer signal. Base station and 

vehicle ensure that the transmission is completed by sending 

ACK messages. Once all data transfer is correct, base station 

sends a DRS in order to end the session. 

4) If the vehicle doesn’t receive the final DRS to 

successfully finish the session, it’s considered as unreliable 

and thus data are not deleted. The vehicle will retry the 

transmission later. 

 
When Wi-Fi communication is failure or unavailability, a 

manual upload operation is possible too. This manual option 
consists of a local interface installed on Database server. For 
testing purposes it’s possible too, using the ad-hoc interface 
described on Fig. 5. The interface supports connections from 
external storage devices in order to download a vehicle’s 
collected data. The user can select several record set 
corresponding to a vehicle from several types of source device 
in order to upload vehicle data on Database server, and the trip 
and images to upload. 

 

Fig. 6. Global database structure. 

Once data transfer is completed and confirmed, the local 
IVDR database is cleared. We use a MySQL database for 
storing all vehicles information.  This database structure is 
shown on Fig. 6. 

IV. EXPERIMENTAL RESULTS 

The prototype of system for vehicle’s data collection was 
been tested using controlled urban trips. To test, different 
distances and travel-time were performed in villages near to 
Madrid capital; trips lasted between 20 and 40 minutes 
(approx.). For data collected, we used our IVDR described on 
section 2 (see Fig. 4). We used the IVDR system in order to 
keep different kind of raw data and risk situation selected by 
IVDR interface shows in Fig. 4.  

Using the ad-hoc capturer data-trips interface, a total of 40 
urban trips were performed and multiples data-trace and risk 
situations details were saved. For local database recorder taste, 
different devices was used, we use the on-board system and 
for example, externals hard disk or flash memory for this task 
and the local database actualization was been validated. The 
local database architecture was adequate to trips data, risk 
situations and images recorder. The risk situations saved were 
related to pedestrians and vehicles. 

All local databases were transfer to global database at final 
of each trip using the transfer interface describes on section 3. 
The download from local’s database was made using the ad-
hoc interface described previously (see Fig. 5). The risk 
situations aggregation, traces reconstructions and trips data 
analysis were made using the global database information.  

After to collected and filter the relevant trips information 
(on global database), we processed data trips with a novel 
system for detecting urban areas with high density of   traffic 
incidents or risk situations, called here SDUARS. SDUARS 
system is based on a prototype for the on-board perception 
system and the IVDR aimed at identifying risky traffic 
situations [12, 13, 14]. Details for this system are available in 
[15]. 

V. FUTURE WORKS 

The next step is testing the system deployed on several 
cooperating vehicles following independent routes, some of 
them overlapped in order to test the data fusion and 
aggregation. This will also allow further testing of the 
automatic uploading to the global database including 
simultaneous access of different cooperating vehicles. Longer 
trips will also be included to check the capacity of the on-
board database system related to captures and recording trips 
information and risk situations. 

The systems functionality can be increased, including Wi-
Fi protocol detection when vehicle is moving. Several open 
access Wi-Fi can be found in places as: petrol stations, public 
libraries, town halls, and official buildings. When a Wi-Fi has 
been detected, the application will try to download the local 
information from the global database (on-board) using our Wi-
Fi protocol.  

Previous works describe investigations on V2R 
communications using IEEE 802.11 protocols [18], focusing 



on main areas as Medium Access Control (MAC) using IEEE 
8001.11. Some of this works describe experiences as 
Dedicated Short Range Communication or Time Division 
Multiple Access [20]. On these philosophies, the vehicles are 
involved in collaborative acts.  

Places offering an available Wi-Fi (called Road Site Units) 
should include an identification that can be recognized by the 
cooperating vehicles, so the IVDR of any vehicle can be 
uploaded in a way similar to that described in section 3 of this 
document. The Road Site Unit will then connect to the global 
database and upload the new information using a protocol that 
must be developed for this task, similarly to [20].  

The use of Road Side Units will allow a faster availability 
of data related to recently arisen risky hotspots, which can be 
exploited to dramatically decrease response times in case of 
accidents and warn other drivers approaching to those sites in 
the future. 
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