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Abstract: The article describes the impact of information displayed to drivers on boards with variable
content and presented on the static table, on drivers' decisions regarding the selection of an alternative
route. The results of the research obtained in the RID 4D project titled "Impact of the use of Intelligent
Transport Systems services on the level of road safety" financed by the National Center for Research
and Development and the General Directorate of National Roads and Motorways (DZP/RID-I
-41/7/NCBR /2016 agreement).

The article describes an attempt to assess the economic effects of implementing selected ITS solutions.
Based on the impact of selected ITS solutions on the speed of driving, an assessment was made of the
increase of safety on the road, using as a measure the number of people killed, severely and slightly
injured. The whole article is summarized by conclusions.
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1. INTRODUCTION

The research described in this article referred to the impact of Intelligent Transport Systems
on the road safety. In a course of the study a high-end AS 1200-6 driving simulator (fig. 1)
was used. The simulator allows to compose experiments taking into account various road
and atmospheric conditions. It is possible to control both the behaviour of the road traffic
participants and the ambient conditions: weather and lighting. Modifications may include:
atmospheric conditions (snow, rain, fog), road surface (slippery, icy, wet), time of day (day,
night), type of road (motorway, municipal road, rural road, etc.) and the traffic situation. An
advanced computer graphics and high image quality, which is projected onto a panoramic
screen, allow to create a very realistic driving experience. In addition, the vehicle cabin is
located on a moving 3DOF platform operated by electric actuators. It can move in three
planes and rotates in relation to three axes. Thanks to this, the examined driver receives the
kinaesthetic impressions, e.g. acceleration, turning or braking which occur during driving in
real conditions.
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Fig. 1. The AS 1200-6 driving simulator

Controlling the simulation program and recording of the driving round is possible from
the operator's position. The data logging system allows to record traffic parameters of all
vehicles and events occurring while driving. It is possible to acquire several dozen different
variables at the same time. The extended system allows the projection of up to 100 road
objects simultaneously and imitating driving over 200 km of virtual roads. At the operators
position it is also possible to monitor the driver's reactions related to driving, such as: press-
ing the pedals, steering wheel movements and eye movements. A mechanical stimuli (cabin
and seat vibrations) and sound effects can be generated inside the simulator cabin.
Increasing the level of traffic safety is one of the main goals of implementing and developing
Intelligent Transport Systems. The following actions serve this purpose [9]:

— development of traffic management systems on the expressways,

— traffic control at the entrances to the expressways (so-called Ramp Metering),

— development of the systems diverting the vehicles on to the alternative routes,

— area traffic control,

— development of road accident management systems,

— application of the modern electronic toll collection systems.

Numerous analyzes have shown the following impact of the service on the traffic safety
[2,3,38,12]:

— decrease in the number of fatalities by 51%,

— average speed reduction by 15%,

— reduction of the number of accidents by 10 — 30%,

— reduction of the number of collisions by 4.5 — 8%.

One of the basic and at the same time effective methods of conveying commands and
recommendations to the drivers, including information about the changing traffic situation,
road works, traffic jams and weather conditions, are messages displayed on Variable Mes-
sage Signs (VMS). In the empirical studies on VMS, the most frequently analyzed are: ve-
hicle speed, sudden acceleration and sudden braking as well as the distance of the longitudi-
nal axis of the vehicle from the axis of the lane.

The research shows that the driver reduces the speed when approaching the sign. This means
that drivers notice and respond to VMS signs, but they need additional time to process the
information they provide. An example is the Boyle and Mannering study [1]. The researchers
checked how the system informing about unfavourable weather conditions and road inci-
dents affects the behaviour of the driver. The message conveyed by the internal system in
the vehicle with external information (via a variable message sign) was compared. The speed
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of 51 drivers aged between 16 and 70 was measured. Four conditions of the experiment were
taken into account:

— driving without notification,

— driving with the possibility of a message appearing on the VMS,

— driving with the possibility of an internal system message in the vehicle,

— driving, during which the driver was simultaneously notified about the traffic situation

using an external and internal message.

For each of the conditions, two research scenarios were developed, related to weather
(presence of fog or lack of it) and the possibility of a dangerous event (presence of a snow-
plough or its absence).

The following three messages appeared on the VMS signs: "Fog — slow down to 45 mph"
(72.6 km/h), "Winding road - drive slowly" and "Snowplough in front - slow down to
35 mph" (56.5 km/h). A total of eight messages were presented to each person tested. The
yellow colour information, placed in two lines, on the black background was displayed on
the VMS signs. Based on the analysis of the results, it was found that VMS signs have similar
effectiveness to the driver's notification system located inside the vehicle and cause a reduc-
tion in the driving speed. The drivers who were not informed about weather conditions or
warned about the danger were driving much faster (on average 116.3 km/h) than the drivers
who were notified about the traffic situation through the internal system and by the VMS
sign (average 102.6 km/h). The analysis of the results led to interesting conclusions. As it
turns out, the driver after reading the message from the sign and complying with it by de-
creasing the speed, has a tendency to compensate for this speed reduction by increasing it,
when there are no more such adverse conditions, which is important from the point of view
of the road safety [1].

2. RESEARCH SCENARIOS

Variable message signs (VMS) in Poland should meet the requirements set out in the fol-
lowing documents:

— Annex No. 1 to the Ordinance of the Minister of Infrastructure of July 3, 2003. "De-

tailed technical conditions for vertical road signs"),

— European Standard PN-EN 12966-1: 2005 "Vertical road signs - Road information

signs with variable content - Part 1: Product standard,

— European Standard PN-EN 12966-2: 2005 "Vertical road signs - Road information

signs with variable content - Part 2: Initial type testing,

— European Standard PN-EN 12966-3: 2005 Vertical road signs - Road information

signs with variable content - Part 3: Factory production control.

It is recommended that the text panels be made as freely programmable. It gives the pos-
sibility of displaying content programmed both at the very beginning and any content pro-
grammed in the course of later use. The size of the sign matrix should consist of 5 columns
and 7 lines. The character of the road affects the dimension described. The length and height
of the panel must be inversely proportional multiple of the height and width of the matrix,
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e.g. length - 70, height - 50, however, the length-height ratio, e.g. length - 350, height - 100
does not have to be maintained.

In order to investigate the impact of information provided to the drivers using VMS, a set
of research scenarios was built, under which commands and recommendations were passed
to the drivers using a variety of information. The tests were carried out for good and bad
(rainfall) atmospheric conditions. The following graphical contents were presented on the
gantries (tab. 1).

Tab. 1

Graphical contents presented on the gantries - scenarios with choice of route

Gantry 1 area in the scenario 1 Gantry 6 area in the scenario 3
. WARSZAW
| 7 40MIN
M 20 MIN

Gantry 1 area in the scenario 2 Gantry 6 area in the scenario 0

ZALECANY OBJAZD 1 An alternative route without dynamic
WARSZAWA / information

One of the main causes of the road accidents is an excessive speed of the vehicle. Speed
during the impact directly affects the consequences of an accident (fatal accident, accident
with people who are seriously or slightly injured). Therefore, during the experiments carried
out, the speed was recorded in particular at a distance of 30 m before VMS, at the VMS
location, 30 m behind the sign and 200 m after the variable message sign. A separate group
of research scenarios were simulated situations where drivers chose an alternative route.
Then the number of people who chose the alternative route and the number of people who
remained on the main road were registered.

The research group included 60 people. The condition for participation in the research
was the possession of a valid category B driving license and driving a minimum of 2000 km
a year. The subjects were divided into three age groups:

— 18-24 years old,

— 25-49 years old,

— 50 and more years old.

Each group consisted of 20 people.

3. THE TEST RESULTS OBTAINED

Selected test results are described in articles [10, 6]. The highest speed reductions were noted
for the signs:
— speed limit with the given reason for the restriction - decrease by 17.6%,
— information about the accident, the need to change the lane along with the speed limit-
a decrease of 15.75%,
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— speed limit on the board - decrease by 15.65%,

— information about slippery surface - decrease by 12%.

In addition to a significant decrease in vehicle speed, an increase in the distance from the
preceding vehicle was also noted, which reduces the likelihood of a collision with the vehicle
in front. There is therefore an increase in the level of road safety.

In the case of gantry 1 area in the scenario 1 (table 1), the numbers of drivers remaining
on the main route and those choosing an alternative route depending on the weather condi-
tions were analyzed. The table shows a small difference in the length of the main road
(25 min) and the alternative route (20 min).

In case of, both, good weather conditions, as well as the rain, 20 drivers remained on the
main road and 10 of the tested ones chose the alternative route.

On the gantry 1 in the scenario 2 (tab. 1) a sign informing about the possibility of selecting
an alternative route, was placed. The board contained the phrase "Recommended diversion".
The reason for displaying the information and the time of driving the main route and the
recommended detour, were not given. The aim of the experiment was to find out how many
drivers would use the alternative route in such conditions. In the case of good weather con-
ditions, 11 drivers remained on the main road, and 18 of the respondents chose an alternative
route. In the case of rain, an alternative route was chosen by 20 drivers.

On the gantry 6 in the scenario 3 (tab. 1), an information on a significant difference in the
driving time of the main route (40 min) in relation to the alternative route (20 min) was
placed. In the case of good weather conditions, 9 drivers remained on the main road, and
22 chose the alternative route, while in the case of rainfall, 14 of them remained on the main
road and 15 chose an alternative route. Based on a comparison of the average values, it can
be concluded that opting for an alternative route was chosen more often in good weather
conditions.

In the case of gantry 6 in the scenario 0 (tab. 1), apart from the driving speed analysis, it
was checked how many respondents chose to go the alternative route, despite the lack of
information on this. In the case of good weather conditions, 24 people remained on the main
road, and 6 (20%) chose the alternative route. In the case of the rainfall, 26 people remained
on the main road and 4 used the alternative route (13.3%).

The results presented above indicate a small effect of a static sign informing drivers about
the possibility of selecting an alternative route on making their decision.

4. AN ATTEMPT TO EVALUATE THE ECONOMIC
EFFECTIVENESS OF THE ITS SOLUTIONS USE

Due to the adopted priorities, ITS systems may include, in particular, the improvement of
the traffic conditions by reducing driving time and reducing the number of stops as well as
improving the road safety. The system manager decides on the priorities adopted, which
should be in line with the generally applicable laws and mobility policy covering the ITS
area. In addition to the above-mentioned effects of the system implementation, one can con-
sider the economic aspects of their operation, which include:
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costs reduction for the society, by minimizing time losses related directly to the reach-
ing the driving destination (losses related to the stoppage or low average vehicle speed,
in the absence of a system),

costs reduction thanks to shortening the total driving time due to the use of modern
ICT solutions in the form of intelligent travel planners, dynamic information for pas-
sengers etc.,

costs reduction related to the reduction of fuel consumption by vehicles in the area
covered by the system (including reduction of the number of stops and time losses),
costs reduction related to the wear of mechanical vehicle components, in particular of
brake pad linings and tires,

more effective planning and the possibility of shortening the time of road works,
limiting the impact of transport on the natural environment (e.g. by pollution, noise,
vibrations),

increasing the efficiency of goods transport,

— reducing the costs of collisions and traffic accidents.

The effects on health and life of people are particularly important. In the monograph [7]
an attempt was made to evaluate these effects based on the data obtained as part of the
RID 4D project. For this purpose, the state of non-implementation of ITS solutions and the
state in case of their implementation were taken into account. For the purposes of the analy-
sis, it was assumed that ITS services will be introduced in places where they have not been
used so far. The evaluation may be conducted referring it to the road sections on which the
implementation will take place, while taking into account the effects of the application of
individual ITS solutions, which was analyzed in the RID 4D project. Table 2 lists the average
impact values of individual ITS services at a distance of 200 m behind the variable message
board/sign, with the use of which information for the drivers was provided.

Tab. 2
Average impact values of the individual ITS services at a distance of 200 m
behind the variable message board

Speed before Change
No. | Service description the board of speed
[km/h] [km/h]
1. Speed limit on the board 107.59 -15.65
2. Speed limit with the reason for the restriction 108.22 -17.60
3. Limitation - static sign 98.85 -14.95
4. Information - blocked lane 110.90 -5.65
S. Information - accident, change the lane 112.62 -5.15
6. Information - accident, change lanes and speed limit 103.94 -15.75
7. Information - strong wind 105.74 -4.00
8. Information - fog, slow down 107.86 -12.60
9. Information - slippery - inscription and pictogram 99.10 -11.80
Restriction on the board and on the sign (sign at the next
10. . . . 99.46 -5.22
gantry, speed reduction value given for the sign)

Source: Own study
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The estimated costs related to the road accidents victims were calculated based on the
"Valuation of costs of accidents and road collisions on the road network in Poland at the end
of 2015, with the separation of average socio-economic costs of accidents on the trans-Eu-
ropean transport network" [5]. The reduction of accidents numbers indicator was estimated
using the "Power model" model, presented in the paper "The Power Model of the relationship
between speed and road safety. Update and new analyses" [11]. For the needs of calculations,
it was assumed that there was an average of one traffic incident per year in the place of using
the service. Based on data on the vehicle speed reduction due to the use of ITS services
(Table 3), the reduced numbers of fatal accidents, accidents with seriously injured persons
and events with slightly injured people were calculated. To this end, the following equation
was used:

L,=1, (E)x ()

where:

L, - number of fatal accidents, with severely and slightly injured people - after speed reduction,
depending on the value of the "x" coefficient used,

L - number of fatal accidents prior to the speed reduction,

V4 - vehicle speed at a distance of 200 m behind the board/sign (within the impact zone),

V| - vehicle speed at a distance of 200 m before the sign (before the impact zone),

x - empirically determined value of the coefficient, depending on the type of evaluation - number of
fatal accidents, accidents with severe and slightly injured persons.

Costs of road accidents provided by the KRBRD are:
unit cost of a road accident - PLN 1.02 million,
unit cost of a fatal victim - PLN 2.05 million,

— unit cost of a seriously injured victim - PLN 2.3 million,

— unit cost of a slightly injured victim - 26.7 thousand PLN.

By referring the above information to particular services, one can calculate the economic
effects resulting from the application of ITS services examined in the project, assuming that
one person died or one severely or lightly wound person participated in a traffic accident
(Tab. 3).

Tab. 3
Economic effects of using ITS services in the case of a single service

Reducing the cost | cost of accidents .
_ . . . . dents with
No. Description of the service of fatal accidents with seriously . ..
.. slightly injured
[mIn PLN] injured people
[min PLN] people
[mIn PLN]
1. | Speed limit on the board 1.49 2.21 1.08
2 Speqd l.1m1t with reason for 136 209 1.06
the limit
3. | Limitation - static sign 1.44 2.17 1.07
4. | Information - blocked lane 2.41 2.90 1.22
5. Information - accident, 248 294 122
change lane
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C.d. Tab. 3
Information - accident, change
6. lane and the speed limit 1.4 2.17 1.07
7. | Information - strong wind 2.57 3.00 1.23
8. | Information - fog, slow down 1.73 2.40 1.12
9 lpformathn - slippery - inscrip- 171 239 112
tion and pictogram
Restriction on the board and on
10, the sign (51gr.1 at the next gantry, 2 40 289 121
speed reduction value given for
the sign)

Source: Own study

This assumption simplifies the analysis, because this incident may not happen at all. Also,
in reality, an alternative to a road incident in which a person is killed is not always the lack
of such an event, but it may be a limitation of its consequences. The frequency of road events
can be assessed based on the real data or a statistical model.

In both cases, however, we encounter difficulties related to the lack of data or high
complexity of the analyzed issue, respectively.

5. SUMMARY

In addition to the analyses described, the conditions for an alternative route selection were
compared, depending on the sign posted on the gantry. In the scenario 0, a static sign was
placed on the gantry 6, while in scenario 1, the dynamic sign was placed on the gantry 1.
Comparing these conditions led to the conclusion that in the first case, in good atmospheric
conditions, 6 out of 30 drivers chose an alternative route, in the case of a sign on a variable
message board, 10 out of 30 drivers left the main route. In the case of rainfall at the static
sign 4 out of 30 drivers left the main route, and behind the variable message board 10 out of
30 (33.3%) drivers changed the route. The remaining continued to drive the expressway.
In addition to a significant drop in vehicle speed in case of the ITS solutions, increase in a
distance from the vehicle in front has been noticed, which reduces the likelihood of driving
into that vehicle, for example in the event of a sudden braking.

The use of ITS solutions positively affects the safety and efficiency of the road traffic,
enabling the reduction of economic effects, which absorb about 3% of GDP.
A separate issue that requires analysis is the optimal way of ITS deployment in order to have
the best possible impact on the traffic situation.
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WYBRANE ASPEKTY BADAN WPLYWU INTELIGENTNYCH SYSTEM.(')W
TRANSPORTOWYCH NA BEZPIECZENSTWO RUCHU DROGOWEGO, Z UZYCIEM
SYMULATOROW JAZDY

Streszczenie: W artykule opisano wplyw informacji wyswietlanych kierowcom na tablicach o zmiennej za-
wartosci 1 prezentowanych na statycznej tabeli na decyzje kierowcow dotyczace wyboru alternatywnej trasy.
Wyniki badan uzyskanych w ramach projektu RID 4D pt. ,,Wpltyw wykorzystania inteligentnych systemow
transportowych na poziom bezpieczenstwa drogowego” finansowanego przez Narodowe Centrum Badan
i Rozwoju oraz Generalna Dyrekcj¢ Drog Krajowych i Autostrad (DZP/Umowa RID-1-41/7/NCBR/2016).

W artykule opisano probe oceny efektow ekonomicznych wdrozenia wybranych rozwigzan ITS. Na podstawie
wplywu wybranych rozwiazan ITS na predkos¢ jazdy dokonano oceny wzrostu bezpieczenstwa na drodze,
wykorzystujac jako miarg liczbg zabitych, powaznie i lekko rannych. Caty artykut podsumowano wnioskami.

Stowa kluczowe: transport, bezpieczenstwo ruchu drogowego, Inteligentne Systemy Transportowe, symula-
tory jazdy
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