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(54) AN EXPERT SYSTEM FOR INTEGRATEDLY MANAGING VEHICLE DRIVING SAFETY AND 
COMPUTING AN INTERACTIVE ROAD RISK MAP

(57) An expert system for integratedly managing ve-
hicle driving safety and computing an interactive road
risk map, in which at least one operations centre (3) op-
erates, by means of bidirectional data exchange, with
intelligent control units (5) mounted on respective vehi-
cles and able to transmit to the operations centre (3) data
associated with historical events that fails to require pri-
ority transmission to the operations centre (3) and data
associated with extraordinary events that requires imme-
diate and priority transmission to the operations centre
(3). The operations centre (3) aggregates the trajectories

associated with different vehicles, creating a road graph,
accumulating on this graph critical traffic positions and
disrupted traffic positions for extraordinary events based
on data coming from the electronic control units of the
vehicles or possibly other information sources, such as
institutional traffic authorities, weather offices or highway
authorities. Thanks to the visual and audible warnings
that the apparatus can transmit to the driver, these de-
riving from its characteristics and interaction with the ex-
pert system resident in the operations centre, the system
is able to prevent accidents and reduce risk.
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Description

[0001] The present invention relates to an expert sys-
tem for integratedly managing vehicle driving safety and
computing an interactive road risk map.
[0002] As is known, satellite navigators display road
speed limits set by an highway authority and are designed
to acoustically/visually signal hazards when a vehicle
travelling along a road stretch exceeds the speed limit.
The hazard warning can be set by the driver by param-
eterizing the threshold that triggers generation of the haz-
ard warning.
[0003] For example, TomTom™ navigation devices
can display speed limits next to the instantaneous vehicle
speed. In the event of a road speed limit being exceeded,
the instantaneous vehicle speed is displayed in red.
[0004] Furthermore, by now, nearly all smartphones
on sale are equipped with a GPS module that, along with
an Internet connection, provides extremely precise and
reliable road driving indications. The smartphones may
also provide indications of the road speed limits of the
various road stretches.
[0005] The road speed limit shown by the navigator
does not always correspond to that in force on that spe-
cific road stretch at that precise moment. Roadworks,
certain weather conditions or hazardous situations in
general, are the main reasons that cause the highway
authorities to modify (normally reduce) the road speed
limits. To this end, GPS devices (for example the device
known by the brand name Coyote™) have recently been
proposed that allow manually changing the road speed
limit when the driver is sure of the inconsistency between
the road speed limits displayed by the device and by the
road signs. In addition, once the road speed limit has
been changed, this information is automatically sent to
a control unit that, after authenticity is verified, shares it
with all owners of the device.
[0006] The object of the present invention is to provide
a driver assistance system in which the road speed limit
is not defined based on road signs provided by the high-
way authority, but on real road conditions as derived from
prior travel data and events that have characterized road
transit. In addition, the object of the present invention is
to provide an indication of a potential hazard when vehicle
speed and driving style are not consistent with the type
and characteristics of the road being travelled on, inde-
pendently of the road speed limit assigned to that road.
[0007] This object is achieved by the present invention,
which relates to an expert system for integratedly man-
aging vehicle driving safety and computing an interactive
road risk map, wherein at least one operations centre
operates, by means of bidirectional data exchange, with
intelligent control units mounted on respective vehicles
and adapted to real-time collect data and to continuously
transmit the collected data to the operations centre; each
intelligent control unit cooperates with on-vehicle sen-
sors adapted to determine the instantaneous vehicle po-
sition and acceleration and vehicle propulsion system

operation data, characterized in that each electronic con-
trol unit is configured to detect historical events that char-
acterize the normal travel of the vehicle and store, in a
non-volatile memory, data associated with the historical
events and that fails to require priority transmission to
the operations centre; the electronic control unit is further
configured to transmit data associated with the historical
events to the operations centre upon occurrence of a
particular trigger event; and detect extraordinary events
that characterize hazardous situations during vehicle
travel and store data associated with these extraordinary
events in a non-volatile memory; the electronic control
unit is further configured to immediately and priorityly
transmitting to the operations centre data associated with
the extraordinary events and the vehicle position upon
detecting these extraordinary events; the operations cen-
tre (3) is further configured to determine and store posi-
tions of each vehicle by tracking vehicle trajectory in a
cartographical area of interest; the vehicle trajectory is
associated with the vehicle speed, acceleration and trav-
el direction in various successive positions; the opera-
tions centre is further configured to aggregate the vehicle
trajectories of different vehicles to create a road graph
that describes vehicle traffic travel direction and intensity
in the cartographical area of interest, the operations cen-
tre is adapted to identify, on the road graph, critical traffic
positions, in particular intense and/or slow-moving road
traffic positions, by aggregating vehicle trajectories of dif-
ferent vehicles in the same position of the area of interest
or in the same time frame; the operations centre is further
adapted to identify, on the road graph, disrupted traffic
positions due to extraordinary events based on the data
from the electronic control units of the vehicles; the op-
erations centre is further adapted to compute, for road
sections in the road graph, a hazard index for a specific
section based on a function based on a number of critical
traffic and disrupted traffic positions identified in that sec-
tion; the operations centre is further adapted to compute,
for the road sections in the road graph, an average overall
travel speed based on accumulated historical data and
data relating to the road stretch; the operations centre is
further adapted to transmit the hazard indexes and the
average speeds of each road section examined to every
intelligent control unit; each intelligent control unit is fur-
ther adapted to monitor the instantaneous vehicle speed,
compare it with the average overall travel speed of the
section currently engaged, and send a hazard warning
to the driver if the instantaneous speed fails to conform
to the average speed for that road stretch; and each in-
telligent control unit is further adapted to monitor the in-
stantaneous vehicle acceleration, compare it with limit
accelerations modified based on the hazard index, and
send a hazard warning to the driver if the accelerations
fail to conform to the hazard level of that road stretch.
[0008] The invention will now be described with partic-
ular reference to the accompanying drawings, which
show a preferred embodiment, in which:
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Figure 1 schematically shows a system according to
the present invention;
Figure 2 shows an intelligent control unit that is part
of the system of the present invention;
Figure 3 shows a flowchart of the operation of the
intelligent control unit;
Figure 4 shows a flowchart of the operation of an
operations centre that is part of the system of the
present invention; and
Figure 5 shows an operation diagram of the system
of the present invention;.

[0009] In Figure 1, reference numeral 1 indicates, as
a whole, an expert system for integratedly managing driv-
ing safety of a plurality of vehicles and computing an in-
teractive road risk map.
[0010] The system 1 comprises an operations centre
3 that operates, by means of bidirectional data exchange,
with intelligent control units 5 mounted on respective
(schematically shown) vehicles 6 and adapted to collect
data in real-time, continuously transmitting this informa-
tion to the operations centre 3. As will be clarified below,
each intelligent control unit 5 cooperates with sensors
mounted on board the vehicle 6 and adapted to detect
the instantaneous position of the vehicle, the acceleration
of the vehicle and data characterizing the operation of
the propulsion system of the vehicle.
[0011] Figure 2 shows the details of a possible physical
implementation of the control unit 5 that comprises:

- a microprocessor control unit 7;
- a two-way communications module 8, for example

a GSM 2G/3G or LTE (second/third generation
GSM) module;

- a triaxial acceleration sensor 9 (for example, made
using MEMS technologies) and a gyroscope;

- a satellite navigation system 10 designed to provide,
amongst other things, the instantaneous position of
the vehicle defined by the latitude and longitude co-
ordinates and by the timestamp (date/time in UTC
format);

- an interface 11 designed to allow communication via
a serial standard with the vehicle fieldbus CAN-bus
that connects a number of electronic control units
(ECU) of the vehicle 6.

- a first memory 12 containing map data;
- a second memory 13 for recording data measured

during travel of the vehicle 6;
- a warning device 14 (flashing LED indicator/buzzer)

designed to provide an optical/acoustic hazard warn-
ing;

- a communication unit 15 equipped with micro-
phone/speaker for voice communication with an op-
erations centre operator and for playing recorded
alert voice messages; and

- logic 16 for establishing the ignition switch status of
the vehicle (on/off) via a physical signal or via op-
portune logic that combines the accelerometer sig-

nal, variation in vehicle battery voltage and the
GNSS signal.

[0012] The control unit 5 is conveniently housed in a
single casing made of an impact-resistant material that
can be easily installed in the interior of the vehicle, for
example, on the windscreen of the vehicle, or on top of
or below the dashboard (not shown) of the vehicle.
[0013] According to the present invention, the control
unit 5, under the control of the microprocessor unit 7, is
capable of detecting historical events (Figure 3, block
100) that characterize normal travel/operation of the ve-
hicle and store, in non-volatile memory 13, data associ-
ated with these historical events that does not require
priority transmission to the operations centre 3.
[0014] In particular, the intelligent control unit 5 detects
and stores one or more of the following historical data
items that characterizes travel of the vehicle:

- the instantaneous position of the vehicle 6. This in-
formation can be conveniently detected by the sys-
tem 10. The accumulation of successive instantane-
ous positions contributes to defining a trajectory that
represents the route of the vehicle;

- the travel direction of the vehicle 6. This information
can be conveniently detected by the system 10;

- the acceleration of the vehicle 6 along a longitudinal
and a transverse axis of the vehicle. This information
can be conveniently detected by the sensor 9;

- the acceleration of the vehicle 6 along a longitudinal
and a transverse axis if this exceeds respective
thresholds values. This information can be conven-
iently detected by the sensor 9;

- the altitude at which the vehicle 6 is located. This
information can be conveniently detected by the sys-
tem 10; and

- the state of the inputs of the electronic engine control
system, such as, for example, ignition switch status,
vehicle battery voltage, internal battery voltage, con-
sumption and fuel level, engine speed, instantane-
ous speed, and fault status. This information can be
conveniently detected through the interface 11.

[0015] The electronic control unit 5 is configured for
transmitting, using module 8, data associated with the
historical events to the operations centre 3 upon the oc-
currence of a particular trigger event (block 200). Among
the trigger events that cause transmission of the historical
data stored in memory 13, the following may be provided:

the start of a trip, by reading a physical signal (KEY
- ON) or by way of self-determination upon acceler-
ometer variation or voltage variation of the vehicle
battery;
the end of a trip, by reading a physical signal (KEY
- OFF) or by way of self-determination upon accel-
erometer variation or voltage variation of the vehicle
battery;
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travelling a route with a given distance in kilometres
with the vehicle 6 (for example, every 10 (ten) km
travelled); travelling a route with a given time frame
(for example every minute or fraction of a minute);
reaching a parametric threshold of the number of
data items associated with historical events stored
in memory 13.

[0016] The control unit 5 is also capable of continuous-
ly detecting (block 120, following block 100) extraordinary
events that characterize hazardous situations during
travel of the vehicle 6 and store data associated with
these extraordinary events in a non-volatile memory. The
electronic control unit 5 is also configured for the imme-
diate and priority transmission of data associated with
the extraordinary events and the vehicle position upon
detecting these extraordinary events to the operations
centre 3.
[0017] In greater detail, the control unit 5 is capable of
detecting at least one of the following extraordinary
events (see also Figure 1) :

a) contact between the wheels of the vehicle 6 and
a hole and/or a bump of the roadway; contact is de-
tected by monitoring the acceleration of the vehicle
along a vertical axis Z to recognize the contact if the
acceleration exceeds a threshold Zmax. The accel-
eration signal is expediently filtered with a band-pass
filter to eliminate spurious interference, related to sig-
nal background noise or false signalling;
b) skidding of the vehicle 6; skidding is detected by
monitoring the acceleration of the vehicle along hor-
izontal axes X and Y in order to recognize skidding
when said acceleration exceeds - along at least one
axis - a respective threshold;
c) collision of the vehicle 6 with another vehicle or
with a fixed structure; collision is detected by moni-
toring the acceleration of the vehicle along horizontal
axes X and Y in order to recognize a collision when
said acceleration exceeds respective second thresh-
olds, higher than the first thresholds.

[0018] Following detection of an extraordinary event,
the control unit 5 continuously transmits data related to
the detected instantaneous acceleration and instantane-
ous vehicle position data to the operations centre for a
given period of time.
[0019] In addition, after detecting extraordinary events,
all the data associated with the historical events stored
up to that point is transmitted.
[0020] Referring to Figure 4, the operations centre 3
is configured to detect and store the positions of every
vehicle, assigning these positions to a specific stretch of
road, by means of a Kalman filter, to define the trajectory
T of each vehicle (block 300) in a map area of interest
(see Figure 5). The trajectory T is associated with vehicle
speed, acceleration and travel direction in different suc-
cessive positions.

[0021] The operations centre 3 analyses the individual
positions received and the quality of these positions. The
quality of each position is identified by a value known as
"HDOP" coming from the GNSS sensor 10 of the control
unit 5. Given these samples, the operations centre 3 li
aggregates them, according to tolerance parameters so
as to identify a specific stretch of road characterized by
one or more driving directions and average speed for
different time bands of the day (for example, four bands).
[0022] In this way, the operations centre 3 can also
promptly identify new stretches of road, or changes in
the direction of traffic, not yet published on official maps.
It should be noted that commercial and paid maps publish
new releases quarterly, but a new road is not always
indicated in the next release.
[0023] A road graph is thus created (block 310) that
describes the travel direction and intensity of vehicle traf-
fic in the map area of interest.
[0024] The operations centre 3 is able to detect (block
320), on the road graph, the positions of critical traffic
(indicated by a triangle containing the symbol ’!’), in par-
ticular the positions of intense and/or slow-moving road
traffic, aggregating trajectories of different vehicles in the
same position in the area of interest or in the same time
frame. For example, a position of slow-moving traffic can
be identified when the trajectories of vehicles build up
anomalously in a certain zone and are characterized by
low speed.
[0025] The operations centre 3 is able to detect (block
330), on the road graph, the positions of disrupted traffic
(indicated by a circle with a bar ’-’ inside) corresponding
to extraordinary events coming from the electronic con-
trol units of the vehicles. In this way, the positions where
skidding or accidents have occurred, or where there are
bumps or holes, are accumulated on the road graph.
[0026] The operations centre 3 is able to calculate
(block 340), for road sections S1, S2, ... Sn of the road
graph, a hazard index P1, P2, Pn for the specific section
according to a function (for example, a weighted average
k1*P1 + K2*P2 + ..., Kn*Pn) based on the number of po-
sitions of critical traffic (triangles with ’!’) and disrupted
traffic (circles with ’-’) detected in that Pth section. The
hazard index can be calculated on the basis of the his-
torical positions acquired by the intelligent control units
5 and transmitted to the operations centre 3. It should be
remembered that each GNSS position is supplied with
instantaneous speed and instantaneous direction infor-
mation. Therefore, it is possible to determine the hazard
index of each road by examining the speed/direction ratio
of each point of the single stretch of road.
[0027] The expert system 1 can also provide for real-
time notifications regarding the weather in the geographic
area in which the control unit 5 is located. This information
can contribute to the calculation of the hazard index, as
adverse weather conditions (driving rain, snow, ice, wind,
etc.) further condition the hazard index of the road, mak-
ing it worse. Thanks to the expert system’s real-time com-
munications capability, the data in the intelligent control
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units 5 can be updated with the current weather situation
and with the forecast for the immediate future.
[0028] In the example in Figure 5, section P1, which
has two triangles (!) and one circle (-), is more dangerous
than section P2, which does not have positions of critical
traffic (triangles) or disrupted traffic (circles).
[0029] The operations centre 3 is also able to calculate
(block 350), for road sections S1, S2, ... Sn of the road
graph, an average overall travel speed vm on the basis
of accumulated historical data related to that stretch of
road. For example, section S1 Vm1 = 100 Km/h, section
S2 Vm2 = 110 Km/h, and section S3 Vm3 = 80Km/h.
The operations centre 3 (block 360) can transmit the haz-
ard indexes P1, P2, ... Pn and the average speeds of
every section or the section the vehicle is currently trav-
elling on to every intelligent control unit 5.
[0030] Preferably, a specific non-volatile memory of
the intelligent control units 5 contains map "sheets" indi-
cating the road sections of same geographic area. When
it is in movement, the intelligent control unit 5 performs
an operation known as "Reverse Geocoding" to identify
the correct road section loaded in its memory. If this sec-
tion is not found, the control unit 5 connects to the oper-
ations centre 3 to request a new map sheet and its neigh-
bours.
[0031] Each intelligent control unit 5 (referring again to
Figure 3) is able to monitor the instantaneous speed of
the vehicle (block 140) to compare it (block 150) with the
average overall travel speed of the currently engaged
section, in order to send a hazard warning (block 160) to
the driver (activation of the warning device 14) if the de-
tected instantaneous speed does not conform to the av-
erage speed for that stretch of road. In particular, the
GNSS signal communicates an instantaneous speed val-
ue to the device’s microprocessor every second. Thus,
this value can be easily compared with that characteriz-
ing the average speed for the stretch of road on which
the device is travelling. In addition, the intelligent control
unit 5 implements a hysteresis filter to notify the driver of
exceeding the threshold, but only after this threshold has
been continuously exceeded for a few seconds.
[0032] Each intelligent control unit 3 is able the monitor
the instantaneous acceleration of the vehicle (block 170)
to compare it with limit accelerations, modified as a func-
tion of the hazard index Pn related to the section currently
engaged by the vehicle, to send a hazard warning to the
driver (activation of the warning device 14) if the detected
accelerations do not conform to the hazard level of that
stretch of road.
[0033] In this way, each time that the expert system
notices the speed limit for the specific section based on
its current conditions has been exceeded, it emits a lu-
minous and audible warning. Similarly, each time that
the expert system notices a driving style (the driving style
is characterized by the acceleration profile and by the
signal coming from the gyroscope) unsuitable for the spe-
cific section, it emits a luminous and audible warning.
According to the present invention, the safety threshold

is not given by the "static" speed limit set by the legislator
(in Italy, 130 km/h for motorways, 110 km/h for dual car-
riageway, 90 km/h for main and secondary roads and 50
km/h for urban roads), but is calculated by the system on
the basis of the historical travel of vehicles that have en-
gaged the stretches of road with a certain speed and
takes into account the real and current road conditions.
A road that is uneven, slippery or characterized by sta-
tistically dangerous curves will "collect" many extraordi-
nary events, such as bumps/holes, sharp braking, skid-
ding, and even accidents.
[0034] In this way, driving safety is significantly im-
proved as the driver continually receives information in
real time indicating the state of the road being driven
along.

Claims

1. An expert system for integratedly managing vehicle
driving safety and computing an interactive road risk
map, wherein at least one operations centre (3) op-
erates, by means of bidirectional data exchange,
with intelligent control units (5) mounted on respec-
tive vehicles and adapted to real-time collect data
and continuously transmit the collected data to the
operations centre (3); each intelligent control unit (5)
cooperates with on-vehicle sensors adapted to de-
termine instantaneous vehicle position and acceler-
ation and data characterising operation of a vehicle
propulsion system, characterized in that each in-
telligent control unit (5) is configured to:

- detect historical events that characterize a nor-
mal vehicle travel and store, in a non-volatile
memory (13), data associated with historical
events that fail to require priority transmission
to the operations centre (3); said intelligent con-
trol unit being configured for transmitting data
associated with historical events to the opera-
tions centre (3) upon the occurrence of a partic-
ular trigger event; and
- detect extraordinary events that characterize
hazardous situations during vehicle travel and
store data associated with these extraordinary
events in a non-volatile memory (13); said intel-
ligent control unit being configured for the im-
mediate and priority transmission of data asso-
ciated with the extraordinary events and the ve-
hicle position upon detecting these extraordi-
nary events to the operations centre (3);

said operations centre (3) being configured for de-
tecting and storing the positions of each vehicle by
tracking the trajectory T of the vehicle in a carto-
graphic area of interest; the trajectory T is associated
with vehicle speed, acceleration and travel direction
in various successive positions;
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said operations centre (3) being further configured
to aggregate the position data of the trajectories in
order to identify a specific road stretch belonging to
a road graph that describes vehicle traffic direction
and intensity in the cartographic area of interest,
said operations centre being adapted to identify, on
said road graph, critical traffic positions, in particular
intense and/or slow-moving road traffic positions, by
aggregating trajectories of different vehicles in the
same position in the area of interest or in the same
time frame;
said operations centre being adapted to identify, on
said road graph, disrupted traffic positions due to
extraordinary events on the basis of said data com-
ing from the intelligent control units of the vehicles;
said operations centre being adapted to compute,
for road sections of the road graph, a hazard index
for the specific section according to critical traffic and
disrupted traffic positions detected in that road sec-
tion;
said operations centre being adapted to compute,
for said road sections of the road graph, an average
overall travel speed on the basis of accumulated his-
torical data and data relating to that road stretch;
said operations centre being adapted for transmitting
the hazard indexes and the average speeds of each
road section examined to every intelligent control
unit;
each intelligent control unit being adapted to monitor
the instantaneous vehicle speed, comparing it with
the average overall travel speed of the section cur-
rently engaged, and send a hazard warning to the
driver if the detected instantaneous speed fails to
conform to the average speed for that road stretch;
and
each intelligent control unit being adapted to monitor
the instantaneous acceleration and/or signals com-
ing from a gyroscope of the vehicle, compare it with
limit accelerations modified as a function of the haz-
ard index, and send a hazard warning to the driver
if the detected accelerations fail to conform to the
hazard level of that stretch of road.

2. The system according to claim 1, wherein the intel-
ligent control unit (5) is configured to detect at least
one of said trigger events:

the start of a trip, by reading a physical signal
(KEY - ON) or by way of self-determination
based on an accelerometer variation or on a volt-
age variation of the vehicle battery;
the end of a trip, by reading a physical signal
(KEY - OFF) or by way of self-determination
based on an accelerometer variation or on a volt-
age variation of the vehicle battery;
travelling a route with a given distance in kilo-
metres;
travelling a route with a given time frame; and

reaching a parametric threshold of the number
of data items associated with historical events.

3. The system according to claim 1 or 2, wherein said
intelligent control unit (5) is configured to detect said
historical data by detecting and storing one or more
of the following data items that characterize vehicle
travel:

- an instantaneous vehicle position;
- a vehicle travel direction;
- a vehicle acceleration along a longitudinal and
a transverse vehicle axis;
- a vehicle acceleration along a longitudinal and
a transverse axis if the vehicle acceleration ex-
ceeds threshold values;
- a vehicle acceleration along a vehicle vertical
axis to determine bumps or holes;
- a vehicle altitude;
- a state of physical or logical inputs of the elec-
tronic engine control system, such as, for exam-
ple, ignition switch status, vehicle battery volt-
age, internal battery voltage, consumption and
fuel level, engine speed, instantaneous speed,
and fault status.

4. The system according to any one of the preceding
claims, wherein, upon detection of extraordinary
events, the intelligent control unit is adapted to trans-
mit continuously, for a given time period, data relat-
ing to the instantaneous acceleration detected and
the instantaneous position data of the vehicle, to the
operations centre.

5. The system according to any one of the preceding
claims, wherein, upon detection of extraordinary
events, all the data associated with the historical
events stored up to that point is transmitted.

6. The system according to claim 1, wherein said intel-
ligent control unit is provided with a GNSS module
adapted to real time detect a vehicle position defined
by latitude and longitude coordinates and by a times-
tamp (date/time in UTC format).

7. The system according to claim 1, wherein said op-
erations centre is configured to filter the positions
received by means of a Kalman filter, thereby filtering
out noise components so as to obtain the estimate
of the real instantaneous vehicle position.

8. The system according to any one of the preceding
claims, wherein said intelligent control unit is adapt-
ed to detect at least one of the following extraordinary
events:

contact between vehicle wheels and a roadway
hole and/or bump;

9 10 



EP 3 226 225 A1

7

5

10

15

20

25

30

35

40

45

50

55

said contact being detected by monitoring vehi-
cle acceleration along a vertical axis to recog-
nize the contact if said acceleration exceeds a
threshold;
vehicle skidding; said skidding being detected
by monitoring vehicle acceleration along hori-
zontal axes X and Y in order to recognize skid-
ding when said acceleration exceeds respective
first thresholds;
vehicle collision with another vehicle or with a
fixed structure; said collision being detected by
monitoring vehicle acceleration along horizontal
axes X and Y in order to recognize a collision
when said acceleration exceeds respective sec-
ond thresholds, higher than the first thresholds.

9. The system according to any one of the preceding
claims, further configured to real time signal mete-
orological situation in the geographical area in which
an intelligent control unit (5) is located; said informa-
tion is used for computing the hazard index.

10. The system according to any one of the preceding
claims, wherein the hazard warning is of an audible
type, a luminous type or comprises recorded mes-
sages for the driver.
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