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ABSTRACT

The presence of an adequate calculation model of optimum distance depending on a variety of
parameters from installation sites of dynamic information displays to road network branching
is necessary for the functioning of Routing orientation system on the basis of dynamic
message signs (DMS). This distance is to be possibly short, and on the other hand it is to
provide enough time for perception of the information by the driver from a moving car and a
stock of distance for the necessary maneuvering.
The attempt to develop a model which would correspond with the following parameters is
presented in this work:

e  Parameters of traffic flow (intensity and traffic speed);

e  Topology of the road network branching;

e  Type of the informational object.
The development model in the mathematical form represents psychophysiology of perception
the driver of information objects.
This model supplements existing methods and is optimized for Routing orientation system
with the use of dynamic informational displays. It will allow to raise efficiency of the
transport telematic Routing orientation system applied in the Russian Federation.
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1. INTRODUCTION

Nowadays we feel a growing necessity of building Intelligent transport systems which are
supposed not only to fulfill the main task concerning the optimization of a traffic flow in a
city (megalopolis, region) but also to include a special part aimed to help so-called
uninformed flow participants.

The most common example of such uninformed flow participants is the part of a traffic flow
formed by the flow participants ignorant of or badly acquainted with network of streets, and
because of that unable to orient themselves. The number of such participants is often big and
inversely proportional to the level of the informational support of flow participants which is
provided by such Intelligent transport systems as Routing Orientation System. Yet even a
small number of such participants can have bad influence on traffic flow characteristics.

Thus Routing orientation system as a subsystem of Intelligent transport systems should be
considered a socially-oriented and also an improving the general safety level of flow
participants one.

So that to measure the influence of the unprotected flow participants on traffic flow
characteristics the models of behavior of such participants in conditions of set traffic flow
characteristics are to be examined.

An unprotected transit traffic flow participant’s characteristic is determined by the following
factors:

1. too many reruns because of insufficient self-orientation on the road;

2. too many shifts from one traffic lane to another because of psychological
discomfort during the way;

3. high probability of an abrupt shift from one traffic lane to another or across
several lanes;

4.  General accident behavior on the road caused either by abrupt breakings or by
running on unreasonably low speed or by running on the right-right traffic lane
or by general traffic situation. All mentioned is caused by the fear of missing
the turn.

The all above helps to draw a conclusion that unprotected flow participants are put in bad
psychological conditions but their own behavior on the road has a strong negative effect on
the whole traffic flow. Consequently the probability of traffic accident and traffic congestion
arises.

A well-panned dynamical Routing orientation system provides a higher level of safety to
unprotected flow participants and so helps to avoid negative consequences.

Routing orientation system is aimed to help the driver to orient himself on the route and to
inform him constantly of his locality on this route. The Routing orientation system is based
on taking into account a driver not acquainted with the route.
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The main criterion to building the Routing orientation system is a social factor which is
supposed to give sufficient information for each traffic flow participant to choose a route. At
the same time the choice of a route is to be based on at least 3 factors: the time it takes,
convenience and safety.
Besides concerning these systems the fact they also represent an indirect (and in some cases
even direct) traffic flow control instrument should be emphasized. It is very important if to
take into account that at the moment there are no technologies of a directive influence on a
superhighway traffic flow in Russia. To provide traffic safety on a concrete road section is
also important for a traffic flow control.
But for Routing orientation system development on the exact network of street section there
are several tasks to fulfill. The fulfillment of there tasks consists to a raw of methods which
also form functional layout of Routing orientation system operation principle (fig. 1).
1. Network of street section (traffic network) node option.
e Method of determining Attraction Objects;
e Method of dividing network of street section into sections;
e Method of determining Dominants Attraction Objects.
2. Determining the content of a DMS.
e Determining informational data structure;
e Determining the list of informational data object;
e Method of determining priority routes to Dominants Attraction Objects;
e Method of rating the routes.
3. Determining driver’s reaction on the information given laws.
e Percent of the attracted traffic flow existing nowadays;
e Driver’s reaction on the information given dependence on type, repetition,
parameters of data carriers and type of data carriers acting;
e Method of improving the coefficient of efficiency.
4. Determining the data objects repetition.
5. Optimization of Routing orientation system taking account of financial
component.
e Threshold of repetition apply;
e Threshold of dynamic poly-routing apply;
e Threshold of dynamic mono-routing apply.
6. Determination of data carriers placing.
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Figure 1. Functional layout of Routing orientation system operation principle.
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Each of the mentioned above methods is a rather large scientific task, the fulfillment of which
is often connected with the fulfillment of correlative parallel tasks. That is why this paper
observes only few aspects. Let’s begin with the end of the process, namely with the
determining of data carrier placing. At the same time all other phases are supposed to be
through with, and as a result we know both in which section and node (intersection,
crossroad) DMS or some other data carrier should be placed. We also know its informational
data structure.

2. THE FORMING OF PRINCIPLES TO DETERMINATE OPTIMAL
DISTANCE FROM TRAFFIC SIGNS TO ROAD BRANCHING.

For Routing orientation system to function on the base of DMS (or some other data carrier) it
IS necessary to have an adequate model of calculation of optimal distance from DMS placing
to road branching taking account of the row of parameters. This distance should be possibly
short and on the other hand it should provide both enough time for the driver to percept the
information from a moving car and some spare distance for the necessary maneuver. At the
same time the model should take into account the following parameters:

. Transport flow parameters — flow intensity, density and content;
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. Topology of the network of streets part;
. Type of a data carrier.

3. ESTIMATED EFFICIENCY OF THE EXISTING METHODS OF
DETERMINE OPTIMAL DISTANCE FROM TRAFFIC SIGNS TO ROAD
BRANCHING.

At first let’s examine the existing models presented by normative base of Russian federation
in the following documents: State Standard P 52289-2004, State Standard P 52290-2004 and
also in methodical recommendations to dataware of driver with navigation [9].

Concerning the determination of optimal distance from road branching to data objects in State
Standard P 52289-2004, n. 5.7.10 the following is written: sign 6.9.2 [4] «preliminary
direction sign» is applied to inform of the direction to settlements or other objects
preliminarily. The sign is placed above a carriageway with two or more lanes in one direction
just before the braking track and in case there isn’t any — 100-300 meters before the
crossroads outside settlements and 50-100 meters inside [10].

The remoteness of the sign L from the crossing or from the place of necessary maneuver is
counted with the formula:

L, = 0,5v, +0,02(v{ —v;) —35l,, (1)

Where v1 - 85% speed of the free vehicle flow on approach to a supposed place of the sign
placing, km/h; v2 - 85% speed of the turning vehicles, km/h; | - the remoteness of the right
edge of a sign from strait-line trajectory of the vehicle running on the left-left traffic lane in
this direction; 0,5; 0,02 and 3,5 — coefficients taking in account time for making a decision of
the driver, slowing down with comfort and the possibility to read and percept the sign,
respectively.

Table 1. Distance under the number of syllables on the road sign.

Speed, distance |, m, under the number of syllables on the road sign

km/h 1(2(3|4|5|6|7|8|9(10(11{12|13|14|15/16|17|18 |19 |20
50 17 {18 |18 |18 |19 | 19 | 19| 20 | 21 |22 23|24 |25|27|27|28|29| 31 |33 |34
60 20 |20 |21 (21 |22 |22 |23 |24 |25 |26 (27]28|29(31|32|34(35|37 (39|41
70 24 |24 | 26 |26 | 26 | 26 | 27 | 28 | 29 | 30 (32|33 |34(36|38|40 (41| 44 | 46 | 48
80 27 |27 |28 |28 |29 |30 |31 |32|33|34(36|37|39(41(43|45|47|50 |52 |55
90 30 | 313232 |33|34|35(36|37|39|40|42|44]46|49|51|52|56 |59 |62

If the sign is placed to the right from the road the remoteness is:
l,=B+kb+b +b,
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where B — width of the carriageway except the left-left lane, m; b — average traffic lane width,
m; k — correction factor (if there’s only one lane k = 2/3; if more k = 1/3); b1 — distance from
the left edge to the carriageway edge, m; b2 — width of the sign, m.

If to place the sign above the carriageway in this direction:

l,=h—h, +h,

were hl — the distance from the lower edge of the sign to road surface, m; h2 - the height of
the driver’s eyes placing above the road (for passenger cars h2 = 1.2 m), m; h3 — total height
of the sign, m.

The remoteness of a preliminary direction sign in meters taking account of the volume of
information in the sign (taking account of the number of syllables in the sign, intervals
between words and arrow signs) can be determined with equation:

were | is the distance on which the driver percepts the information and acts according to his
decision, m.

Distance | can be determined with a table 1. If necessary this data can be extrapolated.

A preliminary direction sign is placed taking account of the calculated remoteness from the
crossing according to presented formulas; the distance from the placing to the crossing or to
the braking track shouldn’t be less than 50 m in cities and 300 m outside the town (according
to [10]).

4, THE EXAMINATION OF FACTORS HAVING INFLUENCE ON OPTIMAL
DISTANCE FROM TRAFFIC SIGNS TO ROAD BRANCHING.

Using MADT’s theoretical and practical experience in the traffic flow sphere the analysis of
factors affecting the distance from a traffic sign to the road branching was made. The most
important factors were determined:

1. 85% speed of the free vehicle flow (or average traffic flow speed);

2. Time for vehicle shifting;

3. Average distance of a sign within view.

4. Probability of obscuration of data objects by a heavy goods vehicle (if placed to the

right from carriageway).

Also shifting time is a function of two variables: speed and intensity of traffic flow. Speed
and intensity of traffic flow correlate the following way:
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, ()

where:

qg - Density of traffic flow;

V - is average speed of traffic flow;
| - intensity of traffic flow.

That's why shifting time can be determined as a function with only one variable — density of
traffic flow.
Analysis of normative documentation [9,10,4,7] showed those counting methods aren’t
supposed to take into account the parameter of traffic flow density, although this very
parameter determines the probability of hindrance emerging in course of maneuvering. For
instance out of zero valuation of the parameter comes zero valuation of hindrance probability
and the fact that lane changing time will be determined by kinematics of a vehicle. Out of g-
peak value comes that probability of hindrance emerging is 1 and lane changing time tends to
infinity. So one can determine two extreme points of t-function diagram, but it is necessary to
determine the type of behavior of this function on the base of experimental data.
Average distance of a sign within view (in [4] is defined with parameter 1, see table 1) can be
determined by several factors:

e  Type of the data carrier;

e  Kind of attraction;

e  Size of the data carrier;

e  The volume of information given;

e Data given structure;

e  Type of bearing;

e  Speed of the vehicle.

Next part presents the correlation of these factors.

S. DEVELOPMENT OF DETERMINING PRINCIPLES OF OPTIMAL
DISTANCE FROM TRAFFIC SIGNS TO ROAD BRANCHING.

5.1. Description of the model

A row of works mentions the fact there’re several stages in the process of driver’s perception
of data carrier. They are: detection of data carrier, its identification, realization and reaction
[3]. A model for determination of optimal distance from road branching to data carrier (fig. 2)
was worked out. It determines the following parameters:
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L1 — distance to data carrier within view.

L2 - distance to data carrier to be found.

L3 — distance a vehicle runs from the moment of detection of data carrier till the moment of
taking a decision to change the lane.

L4 — distance necessary for the maneuvering.

SINd

L, L,

Fig. 2. Optimal distance determining model.

From fig. 2 one can see:

L +L, =L +L,,

which leads to:
L,=L,+L,—-L,. (3)

So that to determine L1, L3 and L4 using peer review method and also basing on a row of
works [3,4,7,11,12] main factors affecting these varieties (table 2) were found out.

Table 2. Factors affecting varieties to be found

Varieties Affecting factors

L1 Type of data carrier.
Type of beating.

Type of data carriers acting.

L3 Time for reading information in a data carrier.
Time for making a decision.

Hindrance duration.

Speed of the vehicle.

Type of beating.

Type of data carriers acting.

L4 Lane changing time.
Speed of the vehicle.

Maneuvering track.

(A el R o A LA o

Let’s analyze each variety in detail.
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5.2. Distance to data carrier within view

During the run the driver tries to drive without eyestrain, that’s why in real conditions the
driver makes several attempts to identify a sign, not more than three as a rule. The last
attempt, when the sign is being identified is made when the symbol of the sign’ angular size
can be identified at one fixation with the duration not more than 1,0-1,2 sec. Such conditions
emerge only when symbol of the sign’ angular size 1,3-1,6 times exceeds threshold valuation
(see table 3, for 95%-probability).

Table 3. Angle threshold of perception depending on speed.

Speed of a vehicle, km/h
Probability 40 | 60 | 80 | 100
Angle threshold, angle minutes
85 % 8,6 8,6 9,1 9,4
95 % 10,2 10,5 11,0 11,6
Ophthalmic comfort conditions 11,6 12,3 12,9 13,8

So taking into account ophthalmic comfort conditions, maximal allowed in town speed (60
km/h) and type of data carrier 1 [3] the distance to data carrier within view is to be counted
(table 4).

Table 4. Average maximal distance to a data carrier within view depending on the type of data
carrier 1.

Ne . . Average maximal distance to a
Type of data carriers acting .

/1 data carrier, m

1 Reflective surface 85

2 Highlight (always) 120

3 Highlight (twinkle) 140

A row of experiments made correlate with these data quite well.

Also as it can be seen from the table 2 the duration of a hindrance affects the distance to a
data carrier within view. Here only external hindrance as heavy goods vehicles is meant.
According to State Standard P 52289-2004 data carrier is supposed to be placed the way so
that the distance to a data carrier (within the values of the table 4) is not to be influenced
either by lengthwise curvature or by lateral curvature or by static hindrances as trees, houses,
pedestrian crossings etc. Probability of heavy goods vehicles to hinder is determined by their
density in traffic flow. If hindrance probability is more than 85% data carrier is either to be
paced higher which worsens detection or to be placed above the road.
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5.3. Distance a vehicle runs from the moment of detection of data carrier till the
moment of taking a decision to change the lane

The distance includes two stages: identification and realization of data carrier.

Identification and realization of data carrier depend on a row of factors (see table 2). Type of
information and its amount are most important. In European countries the amount of
information is mostly counted in number of words [9] but in Russian Federation number of
syllables is used for this purpose (see table 1). As Russian language is prone to greater
variety of the words’ length the use of syllables is supposed to be more accurate.

So that to take into account type of data given and time of driver’s reaction the distance found
in the table 1 is to be divided into reaction coefficient (see table 5, the result of hierarchical
analyzing [12]).

Table 5.Reaction coefficient for different types of data carriers and different types of data

carriers’ acting.

Reaction coefficient, k

Type of data carriers acting

Type of data carriers | Reflective surface | Highlight (always) nghll?cratsg;mnkle,

1 Road Sign 0,361 0,637 0,855

2 Data D!splay \_Nlth 0,342 0,603 0,81
constant information

3 DMS 0,323 0,57 0,765

Having joined identification of data carrier, its realization and reaction L3 is to be counted

from the formula:
L= (b))
36 Lk
Where:

V —average or 85% probable speed of vehicle, km/h;

3,6 — conversion coefficient from km/h into m/s;

tl — time of the driver’s perception of information and fulfillment of his decision, c;

k — reaction coefficient, is counted from table 5.

So that to coordinate this formula with the table 1 it is to be rearranged the following way: the
first multiplier is to be multiplied by t1:

Where:

| — distance on which the driver percepts the information and fulfills his decision, is counted
from the table 1, m.

10
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5.4.  Distance necessary for the maneuvering

The analysis of domestic and foreign publications showed that Distance necessary for the
maneuvering can be determined in two ways: purely kinematical one [2,5,6] and with account
of traffic flow parameters [12].

First we’re to observe kinematical model depicted in fig. 3

Turn-away

|

= d1
\

J Lane change
|

S1
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I [ L
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\ WA S i
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=
\
|

Fig. 3. Schematic depiction of automobile motion path while turning and lane changing.

According to [2,5] the distance of changing adjoining lanes is counted with the formula:

d,=2V |[—
2 gAy1 (4)

2 2
()

and lane changing time:

- [5.
g A\/ , (6)
where:

d - distance, meters;

V — velocity, m/sec ;

S1 - lateral distance moved, meters;

S2 — lateral distance point at which the turning movement reverses itself;

or:

Ay - the overall lateral slip coefficient;
g - the acceleration of gravity (9,81).
11
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The formulas given count time and distance of changing adjoining lanes. So that to count
maximal time or distance for a road with n-lanes formulas (4)-(6) are to be multiplied by (n-
1).

Now we’re to observe the calculation of distance necessary for the maneuvering with account
of traffic flow density.

a) b)

|
I
] P
!
l
I

Fig. 4. Free lane changing (a) and with a hindrance (b)

The model observed above determined a so-called free lane changing (fig. 4a) or lane
changing with no hindrance. It is not always applicable as such conditions may emerge when
the probability of hindrance is rather high (fig. 4b). This hindrance is determined by the
probability of other vehicle on the lane changing trajectory line [8,11,12]. This probability
straightly depends on traffic flow density for it determines number of vehicles per unit of road
length characterizing line occupancy.

So that to find out lane changing time dependence on traffic flow density the row of traffic
experiments was made. In different parts of network of streets lane changing time on a next
lane and average speed and traffic intensity were measured. For each index of average speed
and traffic flow intensity lane changing time was measured five times. After five
measurements the average lane changing time index was counted and put into the table (table
6). Traffic flow density correlated with average lane changing time was counted using
formula (2).

12
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Table 6. Lane changing time correlated with traffic flow density.

Intensity of Speed of Density of Lane
Ne of ) ) . .

measurement traffic flow, | traffic flow, | traffic flow, changlng
vehicles/h km/h vehicles/km Time, sec

1 0 100 0 3

2 60 5 12 56

3 70 8 8,75 8

4 100 10 10 9

5 120 20 6 7

6 140 30 4,67 5

7 160 50 3,2 4

8 232 60 3,87 4

9 316 85 3,72 4

10 378 70 5,4 5

11 398 15 26,53 139

12 452 15 30,13 149

13 465 15 31 150

14 530 15 35,3 157

15 620 15 41,33 160

16 822 75 10,96 20

17 1100 80 13,75 86

Lane changing time dependence on traffic flow density was based on experimental data and
illustrated with figure 5.

Lane changing time dependence on transport flow density

160 L >
—]

A
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40
/
v

]
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o

Average lane changing time,

0 5 10 15 20 25 30 35 40 45

Density of traffic flow, vehicles/km

Fig. 5 Lane changing time dependence on traffic flow density
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From the diagram one can see that it takes the longest lane changing time with average flow
density 10 — 30 car/km on each traffic lane. This density correlates with traffic flow transition
from free flow to traffic congestion. In a free flow (traffic density up to 10 car/km) lane
changing time varies slightly as there’s a slight probability of emerging a hindrance during the
lane changing. In congestion lane changing time is limited to some limiting value which is
connected with the psychological behavior model of the driver. This critical time depends on
many factors (for instance make of the car, its price, the driver, class of the road etc) and is
beyond the scope of the article.

According to those written above the following formula will count L4:

L, = A G-1
3,6 B

where:
V — average or 85% probable speed of vehicle, km/h;
3,6 — conversion coefficient from km/h into m/s;
t — time of changing adjoining lanes, s;

n — number of same direction lanes.
There’s no average slowdown of vehicle in this formula but this parameter was partly taken
into account in determining the average lane changing time.

5.5.  Calculation of optimal distance from data carriers’ placing to road branching

If to put L3 and L4 into (3) the distance from data carriers’ placing to road branching will be
found:

L, LI 6-1-L

k 36 | -
In this dependence V and t model a traffic flow while k and L1 take into account data carrier
and its type and n characterizes the topology of this section.
Practically the distance from data carrier placing to road branching shouldn’t be less than it is
indicated by State Standard GOST R 52289-2004 [9,10].

0. CONCLUSION AND FURTHER WORK

At the moment there isn’t any standard regulating requirements to DMS or methods
determining logistic of their placing. The very work is aimed to improve the existing methods
of routing orientation with account of modern outlook on the knowledge domain of the task.
The method takes into account such factors as traffic flow characteristics, parameters of the
section and psychophysiology of the driver.

14
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The use and the application of effective and up-to-date hardware as DMS while arranging
moving traffic produces the necessity of working out a standard examining conditions for
DMS.

Taking into account of the influence of data carriers’ placing relative to the road on the
distance to data carrier within view and development of requirements to the repetition of
information taking account of human memory model of work and information perceptional
peculiarities of Russian drivers are supposed to become continuation to this scientific work.
Also as it can be seen in fig. 1 besides this method routing orientation system knowledge
domain includes a row of interconnected methods which are subject to scientific elaboration.
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