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DRIVER EDUCATION FOR SAFER TRAVEL ON HIGHWAYS BY
PAVEMENT MARKINGS.

BY: K.G. BAASS, Ph. D.; Ecole Polytechnique, P.0O. Box 6079,
Station "A", MONTREAL H3C 3A7

——————————————— . —————— . ——— ——————————— " " ———— ——————— -

ABSTRACT:

When one analyzes traffic accidents on high speed roads, one
realizes that rear end collisions happen frequently even in good
weather conditions. Very often these accidents are due to too
short gaps between the cars under prevailing conditions. Drivers
misjudge the available and the required distances.

Several rules are published as to how to choose the safe headways
(for example the 2 seconds rule), but these are fairly impracti-
cable and difficult to use and, furthermore, they do not allow to
fix in a simple way in the driver’s memory a safe distance to
adopt, depending on weather and speed conditions.

The aim of the present article 1is to critically review the
existing rules for safe headways and to propose a new one which
is adapted from a french experience. Special marks are painted on
the highway at regular intervals and the driver has to perceive a
certain number of these markings (depending on speed and weather,
as indicated on special traffic signs) between himself and the
preceding car, in order to drive safely.

These pavement markings are only applied in special test sections
of several kilometers of length as a means to permit the cali-
bration of safe distances in the drivers memory. The learned
safe behavior is then, hopefully, also applied to other road sec-
tions.

This new and inexpensive means could significantly contribute to
safer highways, since drivers would realize in a very visual way,
how dangerous too close driving could be.

1988 Annual Conference of the Canadian Transportation Association in Halifax.
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Introduction

The aim of the article is to discuss the problem of inter-
vehicular distances and the related safety issues. In the first
part of the article, the author discusses the probable reasons
for these accidents and how driver performance can be improved to
increase safety. While technological solutions to control and to
provide safe car following distances become possible due to
developments in microcomputers, it appears that real world appli-
cations are still not yet fully operational and require further
research and development.

Driver education remains an important way of reducing this type
of accident and the author discusses, in the second part of this
article, the different car following rules available for evaluat-
ing and keeping safe distances. In a subsequent part, the avail-
able rules are critically reviewed and a new method based on
pavement markings 1is proposed. This method was developed and
used in France and tested on several sections of french freeways.

The accidents related to too short inter-vehicular distances.

In the range of higher traffic volumes rear end collisions repre-
sent the most frequent type of accident on highways. There are
also many accidents with several vehicles involved, where
obviously too short distances between cars in a platoon generated
a chain reaction. These accidents often occur in optimal driving
conditions and even more so when bad weather conditions such as
fog, rain, snow or icy conditions prevail.

Colbourn (1978) found that 12 % of the total vehicle involvement
in road traffic accidents is due to the vehicle following situa-
tion. This is very similar in France, where Carré (1985)
observed that 15% of all accidents on rural highways were rear
end accidents and up to 41% on expressways.

It becomes obvious that the car following problem is a fairly
important problem which merits further investigation and solu-
tions should be found to improve safety.

How and why these accidents happen:

It is apparent that drivers don’t leave enough space between
vehicles, so that accidents can happen even in good driving con-
ditions. There may be different reasons for this, for example:

The underestimation of necessary braking distances;

A misjudgment of the actual distance between cars and of
their relative speeds;

An underestimation of necessary perception reaction times;
An active risk taking behavior;

A misjudgment of the danger involved.

12
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Some of these points are reviewed in more detail to contribute to
a better understanding of the problem.

Recent observations in Germany have shown that drivers underesti-
mate necessary braking distances.

13% of the drivers interviewed estimated that a distance of 28m
would be sufficient given a speed of 100 km/h and 23% thought it
would take 36 meters to brake to a stop from this speed in good
driving conditions (while the distance necessary is at least 75
m).

This underestimation of necessary braking distances may be one of
the main reasons why car following distances are frequently too

short.

The same survey also showed that, at a speed of 100 km/h 10% of
the drivers keep only a gap of 10 m (measured from the rear of
one vehicle to the front of the following), 18% keep a gap of 30
m and 20% keep a distance of 40 m.

When studying headways, (defined as the time elapsed between the
passage of the front bumpers of two cars) similar remarks can be
made. The Highway Capacity Manual (1965) indicates that on a 4
lane highway the percentage of headways shorter than one second
increases with volume as given in table 1.

i 1 !

]
800 |1000| 1200] 1400| 1600 1800

r i I i J 1
| Volume (v/h) | 200 | 400 | 600 | | |
| ] | ] ! 1 1 ! ] i J
I 1 I T i I 1 ] I ] 1
| %<tsec | 4 | 8 | M| 15]w| 21| 2] 27| 28 |
! ] ! ! Il ] il | ! 1 ]
I I i I i I T ] 1 1 I
| %<2sec | 8 | 17| 26| 34| 42| 48] 53| 57| 60 |
L ! i 1 1 ! L | 1 1 i

Table 1. Percentage of drivers leaving headways of less than 1
and less than 2 seconds.

Brilon (1976) defines the degree of dangerously short headways in
the following manner:

# of vehicles with t < 1 sec

volume

Figure 1 illustrates this percentage.
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Figure 1. Percentage of dangerously short headways.

This clearly indicates that a certain percentage of drivers are
"tailgating".

Harris reports comparable values for Britain. He found that the
percentage of vehicles following too closely (< 1 sec) increases
linearly with increasing flow from 5% at 150 v/h to 25% at 1000
veh/h. Colbourn (1978) reports mean values of headways and spac-

ings at different speeds (table 2).

: T T T 1
| speed (km/h) | 483 | 66 | 80.5 |
} ——
| spacing (m) | 24 | 33 | 45 |
| ! ! | |
a 1 T ] i
| headway (s) | 1.77 | 1.81 | 2.02 |
: 1 ! !

Table 2. spacings and headways at different speeds.

Drivers seem, on the average, to adopt a 2 second headway but it
is apparent that slight variations about the mean may be of prac-
tical importance in the accident experience.

Another factor which might explain the occurrence of rear end
accidents is the difficulty drivers have in evaluating actual

14
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distances and actual speed differences between vehicles. This
information is necessary in order to estimate the rate of change
of spacing with time. Koehler (1979) distinguishes between three
situations in car following, the uninfluenced, the following
range and the approaching and removing range. The distances
oscillate in fact around the desired safety distance, up to the
moment where a misjudgment causes an accident. He shows the
approaching and following procedure on a highway in figure 2.

OBSERVED APPROACHING AND FOLLOWING
U. KOEHLER

50
45 — 11

40 -

L]
E
~ 30 o
>
4(
5 25 seconds of
g obsservation
20 -
15 - 36
10 —
20 {18
5 T T T T T T T T T T T T
+1 0 -2 -4 -6 -8 -10 -12

DELTA V (m/sec)

foliowing ronge _‘_ opprooching range

Figure 2. Vehicle approaching and following another.

Koehler shows that the proportion of vehicles maintaining too
small a distance is rather high and that in the approaching range
more vehicles had too short distances than in the following
range. Harte (1976) conducted an experiment where car following
distances were to be estimated and found that at 65 km/h the
average underestimation error was 33%, while Rockwell and Snyder
(1967) found that car following distances were underestimated by
41% at a speed of 80 km/h. Drivers are inaccurate in their judg-
ments of car following distances. While an underestimation of
distances may increase safety in braking situations it may lead
to an underestimation of the time necessary to overtake and to
pass a vehicle.

Colbourn et al. (1978) report that absolute judgment of distances

have been observed to be in error by between 20% and 100% among
experienced drivers and up to 300% in error among novice drivers.
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The least one can say is that the driver’s ability to estimate
speeds and distances is limited.

Barwell (1982) finds that the change in size of the image of an
object on the retina of the eye is the physiological correlate of
distance perception and Michaels (1965) 'suggests that the driver
estimates the angle subtended by the lead vehicle. The contours
of the lead vehicle expand or contract at a rate which is propor-
tional to both relative velocity and the distance apart.

The car following situation is indeed very complex since many
variables intervene. The fundamental problem for the driver is
to keep safe distances, but what are these and how do we estimate
them in a given situation? We have to find a simple and effi-
cient way to explain this to the driver. The message contained
in the Highway Code: " The driver of a vehicle following another
shall keep at a safe distance from it, taking into account the
speed and density of the traffic as well as the conditions of the
road" is well meant but too vague to be useful.

Improved driver performance with respect to inter-vehicular
sensing will improve the accident situation; providing the
driver with accurate relative velocity and headway information
could indeed improve his car following performance.

What are presently the means for improving driver performance in
car following?

One can achieve an improvement in essentially three ways, by act-
ing on the three components of the driving system; which are: the
driver, the control system and the car.

Driver education:

This may be done along two lines: Learning about necessary brak-
ing distances and distance estimation, and learning rules which
allow to keep a safe distance. There are several rules in use
and four of these will be presented and analyzed subsequently
with respect to their efficiency. These are:

- Rule 1: The rule of the 15 km/h. This rule stipulates to 1leave
a space gap equal to one car length for each 15 km/h of
speed.

- Rule 2: A rule used frequently in Germany asks for a space gap
(in meter) of equal to half the speed in km/h indicated on

the tachometer of the car.

- Rule 3.1: The rule of the two seconds. The driver should leave
a time gap of 2 seconds between the two vehicles and this
independent of his speed. The driver is warned that this
rule applies only to optimal driving situations.

16
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- Rule 3.2: This rule is an extension of rule 3.1. If the driver
is tired or if he drives in unfavorable weather conditions
the time gap should be increased to 4 or 5 seconds. Trucks
should keep a distance corresponding to a time gap of 4 sec-
onds or more.

- Rule 4: Pavement markings at fixed distances as developed in
France. Yellow pavement markings having the shape of chevrons
were painted in the center of the lane of certain freeways in
France. These markings are painted at intervals of 40 meters.
Traffic signs explain the principle of the method to the
driver: If you see only one mark between your car and the
preceding one, this means "danger", two marks mean "safety".
This suggests a safety distance of 60 to 80 meters depending
on the interpretation of "seeing two marks". These pavement
markings were applied on certain test sections of a length of
5 Xkm and should allow drivers to calibrate safe distances in
their visual memory in real driving situations.

These test zones are designed to contribute to driver educa-
tion in car following and it is hoped that the acquired
knowledge of safe distances would be transferred to other
types of highways.

The Control System:

Traffic engineers try to induce safer car following behavior by
means of variable message signs. This concept is known as "fol-
lowing too closely" (FTC).

Traffic signs "following too closely" are installed at high
accident spots on freeways. Time gaps between vehicles are meas-
ured and a variable message indicates "danger" when gaps are
between 0.7 and 1.25 seconds and "violation" when gaps are
smaller than 0.7 seconds.

These systems allowed to reduce the percentage of short gaps and
reduced the number of accidents, but the effects decreased and
vanished after a time and police surveillance became necessary to
improve efficiency. The problem with this system is that it does
not teach the driver to appreciate safe distances and is only
used at high accident spots.

In-car information on gaps.

Given the insufficient abilities of the human driver in car-
following, it became apparent that instrument aids are required
to make more accurate judgments. In addition, since the capacity
of the highway is determined by the characteristics of the aver-
age driver, an automatic device could increase capacity and
safety by improving one or all of the three functions, percep-
tion, decision and response.

17
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There are three types of headway control systems:

- the automatic highway concept;
the radar distance warning and control system;
= the head-up display (HUD).

The automatic highway concept is based on detector 1loops incor-
porated into the pavement at certain intervals. The leading
vehicle passing over the loop creates a signal which is trans-
mitted to the following vehicle that receives a warning signal
indicating the presence of the vehicle ahead when he follows too
closely. The driver can adjust his speed accordingly or a com-
puter on board does it in an automatic way. This is similar to
the block system in railway engineering. Even if this system is
technologically feasible there are many unsolved problems
related to financial, insurance and legal responsibility.

The second type of system does not need any investment into a
system incorporated into the pavement. Distances between
vehicles and speeds are measured by radar and gap and relative
speed information is displayed inside the car in acoustic and
optical way in order to assist and improve the estimation capa-
bilities of the driver.

Research in Germany (Jahnke (1982)) shows interesting results but
the technology needs to be improved since there are problems
related to false alarms as well as to misinterpretations of dis-
tances in horizontal and vertical curves. One major disadvantage
is that the optical display acts as a distraction to the driver.

The inconvenience of the driver having to lower his head to look
at the instruments or displays inside the vehicle is eliminated
in the case of the so- called "head-up display".

Strobel (1985) describes this system: "Two vertical 1lines are
projected at the car’s windshield by means of a specially
designed optical device. An electronic control unit changes the
horizontal distance between these two lines as a function of the
speed and the driving conditions. If the windshield projection
of the 1leading car remains between the two vertical lines, then
the distance is sufficiently large.™ The display tells the
driver that he was off the desired headway and shows also how
fast he is getting further off.

Other devices were designed to put more information into stop
lights in order to improve driver performance. A few examples
are: _

The third braking light, the variation of light intensity or num-
ber of braking 1lights to indicate the rate of deceleration or
simply the recommendation to use the emergency flashing 1lights
when approaching a critical situation in order to inform the
driver behind.

18
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Developments in microcomputer technology will certainly contrib-
ute to the improvement of these on-board systems within a few
years. The idea of the "intelligent car" is studied in Europe
(Project Prometheus) and in Japan but these cars will not be
available before 10 or 15 years. Up to then we should concen-
trate our efforts on the diver and his education in order to
improve car-following behavior.

The aim of the following paragraphs is to analyze the efficiency
of the 4 rules cited earlier. This will be done by comparing
space gaps provided by the rules with the space gaps necessary
for safe braking.

Formulae for safe space and time gaps.

The formula for the space gap has three parts, these are the dis-
tance driven during the perception and reaction time (PIEV), the
braking distance of the following vehicle (number 2) and the dis-
tance necessary to decelerate the leading vehicle (number 1).

S = PIEV V2 4+  —c——mcccee = cmcccemmm (1)
2g(f, +p) 2g(f, +p)

where: s = space gap (m)
PIEV = perception reaction time (s)
v = speed (m/sec)
f, ,£, = friction between tire and pavement for vehicles 1
and 2.
p = grade of highway

if one supposes level terrain the time gap h becomes:

v, v,
= PIEV + ==== =~ =—-===-
2gf, 2gf, v,

< 1w

Clearly, the gap size is related to highway capacity and as gaps
become larger capacity decreases. Koehler (1979) finds, that if
drivers would behave in a safe way, that is if they would adopt
formula (1), capacity would decrease by approximately 17%.

The question of safety versus fluidity or capacity is a very
interesting one and was treated by Carré et al. (1984) but this
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question will not be considered here.

Analysis of the variables.

In the gap formula there are five explicit variables, the percep-
tion-reaction time, the speeds v, and v, and the decelerations of
the two vehicles given by the formula d, = gf, and d, = gf,.
These variables themselves depend on the geometry of the highway,
on visibility conditions, on the pavement surface and on the
driver’s characteristics.

In the following we will consider, for more simplicity, the speed
as a constant and we distinguish between two driving conditions.

Favorable driving conditions are given when weather conditions
are good, providing a sufficient sight distance and the driver is
able to anticipate the leading driver’s manoeuvres by looking
through and around the leading vehicle.

In the second case the weather conditions are unfavorable (fog,
rain, or snow) with insufficient sight distance, so that the
driver cannot anticipate the manoeuvres of the 1leading car.
This situation is similar when one follows a truck.

Regarding these two driving conditions one can analyze the three
basic variables visibility, pavement conditions (which determine
the maximum deceleration available) and the state of attention of

the driver.
a) Visibility

In the case of a good visibility the driver normally follows the
leading car observing the highway ahead of the leading car and
the braking lights in front of him. The driver 1is thus well
informed of the presence of an obstacle on the roadway and he
supposes that he will be able to brake at the same rate of decel-
eration as the driver of the leading car.

Supposing that the speeds of the two cars are nearly the same
(which is the case in the following range) the necessary space
gap reduces to:

s = PIEV v, (m)
and the time gap becomes:

h = PIEV (sec)
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Jahnke calls this the minimal safety criterion.

In the case of insufficient visibility (following a truck or in
fog...) the following driver can only count on his ability to
detect rapidly enough the braking lights of the leading car. 1In
this case there would be a certain difference in deceleration
between the two cars. This leads to the criterion of relative

safety:

2
s = PIEV v, + ===————=—====

And, finally, there is the "brick-wall criterion" where there is
insufficient visibility and the 1leading car is forced to stop
suddenly as if hitting a parked truck in the fog or a brick-wall.
The following driver should have chosen a space gap according to
the criterion of absolute safety:

v, 2
s = PIEV v, + =--=
29§,

b) State of the pavement surface

One can distinguish between three cases, dry pavement with a
friction coefficient of £=0.6, wet pavement with £=0.3 and icy
pavement with f=0.05. The last case, however, must be considered
as exceptional and the highway user should be aware of the dan-
gers involved. It must also be kept in mind, that 0.6 1is a
fairly high value for the friction coefficient. Colbourn (1978)
states that in practice "Only 0.1% of decelerations used in brak-
ing exceed 0.5g.

Therefore rapid deceleration is a low probability event for many
drivers. So in an emergency they are likely to initiate a brak-
ing response which produces inappropriately low levels of decel-
eration."

c) State of attention of the driver.
Johansson et al. (1971) show that braking reaction time measured
in real driving situations are not a constant and not even a con-

stant for a given individual.

A person watchful and prepared for danger or emergency may have a
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braking reaction time between 0.3 and 1.6 seconds but this time
may be more than 2 seconds for a tired and inattentive driver.
For the purpose of the following analysis two cases will be con-
sidered, an attentive driver having a PIEV of 0.7 seconds and an
inattentive and tired driver having a PIEV of 2 seconds.

The two driving conditions together with the different values of
the parameters give rise to 6 cases shown in figure 3.

DRIVING DRIVER
CONDITION FORMULA  |VISIBILITY PAVEMENT ,rrention | CASE NbJ
NORMAL 1
FAVORABLE s=PIEV v GOOD —— DRY<
TIRED 2
NORMAL 3
mw<:::
TIRED 4
UNFAVORABLE || s=PIEW+v2/2gf| POOR
NORMAL 5
warqi:
TIRED 6

Figure 3. The different cases to be analyzed.

The space gaps necessary for car following in these 6 cases are
calculated and shown in table 3 and depicted in figure 4.

f 1
| GAPS NECESSARY FOR THE SIX CASES ANALYZED |
* -
| Friction dry pavement: 0.6 , wet pavement: 0.3 |
I T T i
| SPEED | time gaps (sec) | space gap (m) |
| km/h |Case 1 Case 2 Case 3 Case &4 Case 5 Case 6 |[Case 1 Case 2Case 3 Case 4 Case 5 Case 6 |
—t : 1'
| 20 |o0.7 2 1.2 25 1.6 29 | 4 0m 7% 9 16 |
| 30 |o7 2 14 27 21 3.4 | 6 17 12 23 18 28 |
| 40 |o0.7 2 1.6 2.9 26 3.9 |8 2 18 3 29 43 |
| 50 |o0.7 2 1.9 3.2 3.1 44 |10 28 26 4 42 61 |
| 6 |o0.7 2 2.1 3.4 35 48 |12 33 35 57 59 81 |
| 7 |o.7 2 2.4 3.7 40 53 |1 3% 4 7 78 103 |
| 8 |o0.7 2 2.6 3.9 45 58 |16 4 58 8 9 128 |
| % |o.7 2 2.8 4.1 49 62 |18 S0 71 103 126 156 |
| 100 | 0.7 2 3.1 44 54 67 |19 56 8 121 151 187 |
| 10 | 0.7 2 33 46 59 7.2 |2 6t 101 140 180 220 |
| 120 | 0.7 2 3.5 48 6.4 7.7 |23 .67 118 161 212 255 |
| 130 |o0.7 2 3.8 5.1 68 81 |25 7 136 18 247 2% |
L t | J

Table 3. Necessary space gaps for driving in different levels of
safety (6 cases).
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NECESSARY SPACE GAPS

for the six cases

SPACE GAPS (m)
F3
1 1 1 [ i1 [ i | 1 i i 11
AN

SPEED (km/h)

= CASE 1 + 2 e 3 s 4 * 8§ v &

Figure 4. Necessary space gaps for driving in different levels of
safety (6 cases).

The evaluation of necessary space gaps, as shown. in figure 4, was
done for a pair of closely following cars. Car-following theory
as described for example by Fox and Lehman (1967) shows that when
cars are driving in platoons, variations in space gaps between
two cars can be such that no accident occurs between them. This
situation is termed locally stable.

But these variations can be amplified by the time lags of the
following drivers and become too important further upstream and
cause an accident. In this case the spacings are called locally
stable but unstable for the platoon. Jahnke developed a formula
for platoon stable spacings, but in the following analysis the
problem of stability in car-following is neglected, it is how-
ever, important to note that stability has to be considered when
an automatic distance control system has to be designed.

The available gaps if the driver follows the highway rules.

4 different rules are to be analyzed and these are the rule of
the 15 km/h (rule 1), the rule of half of the speed indicated on
the tachometer (rule 2), the rule of the 2 seconds (rule 3.1) and
its extension (rule 3.2) and the pavement marking method (rule
4).

The available spacings are calculated in table 4 and are illus-
trated in figure 5.
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COMPUTATION OF AVAILABLE GAPS GIVEN BY THE DRIVING RULES

I 1
I I
I i
] Length of vehicle: 5.8 m |
} 1 I ] ] I
| sPeED | Rule1 | Rute2 | Rule 3 | Rule & |
| kwh | s h | s h | h s | h s | s h |
; i t } — f !
| 20 | 6 10| 10 18] 2.0 11 | 4.0 22 | 80 4.4 |
| 30 |12 1.4] 15 1.8 2.0 17 ] 4.0 33 | 80 9.6
| 4 |17 16| 20 1.8] 2.0 2 | 4.0 “ | 80 7.2
| 50 |17 13| 25 1.8 2.0 28 | 4.0 5 | 80 5.8 |
| 6 |23 1.4 30 1.8] 2.0 33 |40 67 | 8 4.8 |
| 70 |29 15| 35 1.8| 2.0 39 | 4.0 78 | 80 4.1
| 8 |29 13| 40 1.8 2.0 4 | 4.0 8 | 8 3.6 |
| 9 |35 1.4] 45 1.8] 2.0 50 | 4.0 100 | 80 3.2 ]
[ 100 | 41 1.5 ] 50 1.8] 2.0 5 |40 111 | 80 2.9 |
| 110 | 41 1.3 ] 55 1.8] 2.0 61 | 4.0 122 | 80 2.6 |
] 120 |46 1.4] 60 1.8 2.0 67 | 4.0 133 | 80 2.4 |
| 130 |52 1.4 6 1.8]| 2.0 72 | 4.0 144 | 80 2.2
L 1 1 | I 1 J

Table 4. Available space gaps if the driver follows the rules.

AVAILABLE SPACE GAPS
GIVEN BY THE DRIVING RULES

SPACE GAP (m)

SPEED (km/h)

" Rule 1 + Rule 2 ¢ Rule 3.1
4 Rule 3.2 > mus 4

Figure 5. Available space gaps if the driver follows the rules.

24



K. BAASS Modeéles de poursuite

Analysis of the rules.

Jahnke defined a safety factor 4 = available gaps/necessary gaps
These safety factors are given for the five rules and for the two
cases of minimal and absolute safety. The resulting values are
indicated in figures 6 and 7.
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Figure 6. Minimal safety factors, if the driver follows the

rules.
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Figure 7. Absolute safety factors if the driver follows the
rules.

25



K. BAASS Modeéles de poursuite

Analysis of the rules.

Jahnke defined a safety factor 4 = available gaps/necessary gaps
These safety factors are given for the five rules and for the two
cases of minimal and absolute safety. The resulting values are
indicated in figures 6 and 7.
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Figure 6. Minimal safety factors, if the driver follows the

rules.
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Figure 7. Absolute safety factors if the driver follows the
rules.
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Adaptation of the pavement markings method.

The idea to use delineators or pavement markings to allow drivers
to better estimate distances when driving is not new. Harte for
example studied the effect of existing pavement lines on distance
estimation.

The french method, however, is much more explicit and one can
choose an adequate interval between chevrons and apply different
rules for different driving conditions in order to further
improve the method. As an example one could use chevrons at
intervals of 30 m and use the rules shown in table 5.

— T !
| Speed (km/h) |  SAFETY DISTANCES ]
| | favorable| unfavorable |
I | ! |
— 1 1 1
| 0-50 | imark | 2marks |
I ! ! |
f 1 1 i
| 50-100 | 2 marks | 4 marks |
L 1 1 J

Table 5. Proposed method.

The message to display on traffic signs should be easy to under-
stand in order to help the driver to discriminate easily between
situations. This evidently increases the complexity of the traf-
fic signs, but pictograms could be used to simplify the message
as shown in figure 8.

A A
SAFETY DISTANCES
AN A .
! |
B ‘L
\*"-._a
A\ A Qg | A | LT
25 |-O- :
%M N i
B g N =)
AT AN i ve
_i_}(}!‘r'- =
14\ P
0-50 | I1MARK | 2 MARKS
A 50-100 | 2 MARES | 4 MARKS
PN AN
[-:.l )
cl B
FAVORABLE UNFAVORABLE
S0 Km/h 100 Km/h

Figure 8. Illustration of the proposed method.
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Figure 9 illustrates the space gaps given by the proposed method
drawn over the necessary gaps for three levels of safety, mini-
mal, relative and absolute safety.

METHOD OF PAVEMENT MARKINGS

avallable gaps

280 S
240 -~
t 200
s —
£ 160
-
ﬂ -
g 120 - 3
o -
o
0 80
y
) = e e e - e —p
40 4 /_,_.f
[ =5 = —
-
o [
Li L] L] T T 1 T T T T T
10 30 50 70 90 110 130
SPEED (km/h)
= Case 2 - 4 © 6
& fovorable *  unfovorable

Figure 9. Space gaps given by the proposed method.

Figure 10 shows the domain of safe space gaps covered by this
adaptation of the pavement markings rule.

SAFETY FACTORS
FOR THE PROPOSED RULE

AVAILABLE /NECESSARY GAP
»
L

SPEED (km/h)
& Faovoroble + Unfovercbie

Figure 10. Safety factors for the proposed method.
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Test zones on expressways and highways could be implemented and
drivers would be able to calibrate safe space gaps. The acquired
knowledge would be useful also outside test zones and drivers
would be able to better understand the real danger involved in
driving too close.

French experience with this kind of pavement markings are encour-
aging. Limited surveys carried out in France in 1985 have shown
that 98% to 99% of the drivers have seen the markings and 61% to
70% have understood the rule, while 52% to 56% of the drivers
interviewed had tried the rule and 36% to 45% found the rule easy
to understand. But even those who did not actually apply the
rule were at least sensibilized to the problem of inter-vehicular
distances. It is not foreseen in the near future to use it on
all the length of the highway system, but rather to continue the
experience in test sections of 5 to 10 km of length.

Conclusion

The method of pavement markings should be tested on certain free-
ways in Canada in order to sensibilize the driver to the problem
of car-following distances. The markings could contribute to
imprinting in the driver’s mind safer inter-vehicular distances
for different driving conditions and this would help reduce the
percentage of misjudgments of actual gaps by a process of mental
distance calibration. The benefits would be felt at medium or
long term even outside the test sections since it would educate
drivers on safe distancing. Highway traffic safety at higher
speeds would thus be considerably improved and this, at a very
low cost of investment.

References.

BARWELL, F. T. (1982) Automation and Control in Transport. Perga-
mon Press. New York.

BRILON, W. (1976) Unfallgeschehen und Verkehrsablauf. Forschung
Strassenbau und Strassenverkehrstechnik Heft 201. Bundesmin-
ister fuer Verkehr, Bonn, Germany.

CARRE, J. R. et al. (1984) Fluidité-sécurité: faut-il choisir?
1re partie: 1’étude des relations entre accidents et états du
trafic. TEC No 66 sept-oct. p 14-19

CARRE, J. R. et al. (1985) Fluidité-sécurite: faut-il choisir? 2e
partie. TEC No 69 mars-avril p 8-15.

CARRE, J. R. et al. (1985) Fluidité-sécurité: faut-il choisir? 3e
partie. TEC No 71. Jjuillet-oaout p 21- 27.

COLBOURN, CH. J. et al. (1978) Drivers Judgments of Safe Dis-

29



K. BAASS Modeéles de poursuite

tances in Vehicle following. Human Factors, 20 (1), p 1-11.

FOX, P. et al. (1967) Safety in car-following- A computer simula-
tion. Newark College of Engineering, New Jersey. 173 pages.

HARTE, D. B. et al. (1976) Estimates of Car Following Distances
on Three Types of Two-Laned Roads. Human Factors 18(4) p
393-396.

JAHNKE, C. D. (1982) Kolonnenverhalten von Fahrzeugen mit autar-
ken Abstandswarnsystemen. Universitaet Karlsruhe, Ph. D. The-
sis, Heft 23 Schriftenreihe.

JOHANSSON, G. et al. (1971) Drivers’ Brake Reaction Times. Human
Factors 13. p 23-27.

KOEHLER, U. (1979) A Strategy for Distance Control of Motor
Vehicles. Transportation Science. Vol 13, 2. p 146-162.

MICHAELS, R. M. (1965) Perceptual Factors in Car-Following. Pro-
ceedings of the second international symposium- Theory of
Traffic Flow 1963. OECD, Paris.

RAAQ (1982) Guide de la route. Régie de 1l’assurance automobile du
Québec. 152 pages.

ROCKWELL, T. H. et al. (1967) An Investigation of Variability in
driving performance. Columbus, Ohio. Ohio State University.
Report RF 1450.

SETRA (1987) Note D’information: Marquage de chevrons. Une
expérience pour visualiser les distances. Documentation Tech-
nique Circulation-Sécurité. 36. 4 pages.

STROBEL, H. (1985) Computer Controlled Urban Transportation. John
Wiley & Sons. Toronto.

TRB (1965) The Highway Capacity Manual. Special Report 87. Trans-
portation Research Board, Wash. D. C.

30



K. BAASS Modeéles de poursuite

LE MODEVE LINEAIRS
- £ MODELE BT BASE SUR ('0BSSRUATION
PERMSE (488 = STIULLS () % SENSILILITE 20 OMD.

o (A REPONSE $6 MANIFSSTE APRSS UN TENTPS
ot JIE REACTION,

e LE CONDYCTEUR SUIT A UNE ISTANCE DE
JECURITE

e A REPINSE NME 'Péw‘ ETRE AU/ UVAE
ACCELERATION OU UNE DECELSRANRON,

LE CTIMULUS EST L'osseruAfioN DUNE
DIFFEREINE DE VITESSE ENTRE 6T utd,

o 14 SENS/BRITE DU COMDUCTEUR. JPEND :
— foN TENPS IS REACTION
- DE SA VITESSE
- U CREMEAU ACTUEL

31



K. BAASS Modeéles de poursuite

ntl n
K tn—)
k- o
o In = : >
B Tts S=1ly t HE Ynt Yy e
13 Z.J"/',ﬂ” 257'1{“

Snel
» . At

:_t‘;'i

? > 7EHPS
t

'S;l'H o Hfm 36 J&UQTS
Sptt (-0) = gy X, (q el t ot %, [ -G X (£-at)

Gig i

32



K. BAASS Modeéles de poursuite

o ON FAIT VNE HWYPOTHESE /APORTAIIE :

LE CoMPoRIEMEM™ ( TARUX ) DE CUACEWENTIE
VITESSE EST JDENTIAME POLR LES CONIOTRIRS

n Er utl
DONC: Gy gy ) = G, 570 t-at)

(A NSTANCE ENTRE LE VBHCULE n E) ntl, OU LE
CeENBA) E5T :

ET: xn( #—415) ~ 4., (t~at]) =4 :@

[A VACTION DU COMMCTOREST WWE  ACCEUPATION

~ (b= at) ~ Ye, (=
X, [6') - X (t-a )z> gu_.w( At)

f ) = Fult) s

e ‘l:) =
Xy (6748 ot >
k\“xﬁ__/ O\« SENCILTE
,Ec-]wNSE

Sogs (E068) < o f 5,04 3y, 5

JEASIEILITE o= ZBLt g)‘ A‘tm Aiaue =4S }
<

N Eneopls

VAIE GRE ) ET 22

33



K. BAASS Modeéles de poursuite

e CE MQIELE E37 UM MOIELE LWs4IRE,
A o EST UNE COMSTANTE IAMS CE

Af.
(EC MQEWES ION- LINJGAIRES

» DANS (B MOJEE (INEAIRE ON A SUrPASE
QUE A SEMSIBILITE o REITAIT CONSTAME,

* PoUrR VNG DIFFERENCE DE VITESSE DONNEY (LA
REPONSE DU DEVXIENE COMIVCTEUR SERAIT AcORS

IN DEPEMDANTS DE L'ESPACCRENT ENIRE LT
VR CULES.

o ON OBSERVE CEPENDAMT QUE IR REPOAASE
N'ET PAS IAMENE S| L£ CeNEY EST T
GRANMD oV S| (A VITESSE £E3T Y GRANDE

o (A JEMNSIDILITE DEVRAIT TENIR CavPTE
DE CE3 OBSERUATIONS.

oL = »fmﬂ(m ( crenean, w‘/e:.re)

34



K. BAASS Modeéles de poursuite

e A JENSIBILITE PEVT PREMIRE PLUSICURS
FORMES ;

— &= copst-
b Sl &> Sepit

— [

ol = S

S&
C

— ol = "S—{

OV EN GEVERAL

o = a“ )E,,.H {t‘fbt)m
[ x, 6~ “'hﬂ/ﬂ]{

o o ET A LT IES CoNSTANIES

35



K. BAASS Modeéles de poursuite

Il'ﬂ

(trat)e X Lan(trad]
fd) [X,@-X,m J [!(19 "ﬂj

¢ AVEC m=0 Moys OB7EMONS UME ZauAnoN
JE MOVYEMEIT CUL) RPEYEIIDIE A CEUE VITL/SEE
DA NS A’/%(/Aﬁ@é’/e' HIDECD YN AH QULE:

X, <-ct 4 4L

o LE QHOIX Y UNE FORMS OV D'UE AUIRS
DEPEWD JES COMITIONS IE WA CIRCUATION,.

- ON f’s‘vr, A PARTIR (ETTE E8UATION
DEVELOPPER (53 HAHOIEES MACROSCOP/AUES.

36



K. BAASS Modeéles de poursuite

L0l D! )NTERALTIONY EMRE 2 YSHICYLES

“HYPOTHGSE : IL Y A VNE |WFERECTON
ENTRE LE COMNIUCTEUR nt2
ET LET VENMICUES PeceDEaMI
nt! ET n,

Xeso (61T = G [ X4, (8) --:‘e”,,_(t-jrg[i,, (t)-&uf?]

oV :
GC, LET FREAKCTRES DE SENSIBILITE Combcanpnr

LE OONDUCTEUR nrz TAR PALIORT AUX YIESKET
DU LEWCULE n & n#/

o LET ERPERIEMCST JETBLEM™ 0D/ QUER

QUE L' INFLUENCE Ju 2° WHCRE PRECEIAVI™
forr weuewce; AY Mo)NS AN CE

MAELE.

37



K. BAASS Modeéles de poursuite

ASYMETRIE EVTRE ACCELERATION ET
JECELERA TION

e ON A OBICRVE QUE LES COMIUCTEURS

NE REPOMIEM™ PAS AYEC L& MEHE
TAUX ABSOU JE CHANGCEMEM-DE VITESCE,
LORSQUE LE STIRULYS Av- BT POSITIF

oU NECATIF,
e ON A GENERAUYVIENT VIE REPOINE

136 DECELERATION Pys FokJE AYN 44
xm(é-tT)-: _ [ %,(¢) -x",(f)]

o & S/ (R VITSSSE REATME 87 Pourrwe
Bypy (64T) < [ %y 08)= gy @]
JLUTILSATION IE o ET &, AMEL/ORE £

MODELE,

38



K. BAASS Modeéles de poursuite

CALCUS D& PosiTio NS _
DE VEWHICULEY EN [NTERACTION

EXenPLs 4
DEMARLACE DE € VEBHCUES AL FeV UsE

gl [ 777
vo I A4
20t

.....w e

0

> T

i
|
|
|

| -4 [ 2

o LA VITEISE dU Prauc VEHCUE BT CoMTANS =0 ﬂ{

o JEX AUTRES VEHCULES JENARRENT APLES T=ot =/s

. GUELLE ST LEVRS PeSiTtONS DANS LENACLRh(LE ESPACE

TENRS t

39



K. BAASS

Modeéles de poursuite

S| oN vevr COMUR|TRE  LES VITEISES DES
|/6¥# CULES ) /. FAVT TroUVER LA SOLUTICN

LENEPALE PoUR L' COUATION DIFFERENTIEUS
T";}m(’?’ = ”3!("'77“ ’%w/é'ﬁ

CEITE JOLUTION EST LONGUE EF FAMDIEUSE!
RAPPE. :
. ON AFPLI QUE 14 TRANSFORMATION DE LAPACE A
veausnod ent. oL {pf )
- JlEp Aol EN ¢ QUE LON ODTIENT PEVT OFC
MAIN PO ALCEBUBIEREST B
o ) CRPAESS(ON RINS( CRTENE pPeyr EIRE
LEDANS FORHSE DANE UNE ERALESSI 04 éwz
Gl & 4 JorwndN JE LEQUATION. K F S
e 26T TRRIEAUX DONNEWT LET TRANS FORIVNONY
D& (APLACE

I{ Un (t—?’}f-f 2’%1*/ (z‘;-?')f =7L jf}zf—/ /f)j
v '

e = Y™ = T Yy (9~ 9301 (9)

-Ts .
e — m——— .
Uhﬂa)ﬁ s te " yn(f)_f s+ " Vi, (0

40




K. BAASS Modeéles de poursuite

CETTE  EQuUANON NE POUT 8RS RESCLUE BUE
7 on couumr CERTAUJES CoiD/T?ONS DU

PRORLENE, (Col11€ AL EX. Vyy (c:/ 0 €T
v ()= %
AVET o‘ffar(t)} <L S ;]
ow RO |y (s) /I

er ) fr) — Vn/:)/
PAR.  BECUVESION .
Vz,(S y (7? re” )

40 (&)

_/e” " 'y
Mm('r) - (73 ,.8-79 <
[L FBAUT  RETRAMS FORIER CETTE EAUATICN . OV

PRIT DE VELOPPER EN SERE
/A (5 _L_ c f L }
Tf' P/ -9 75 T'%g'

- o (t-ED)*
e '«%@'éﬁ-@
{70t 5 Py P62 g

41



K. BAASS Modeéles de poursuite

JONC:
vl6) | e=T _ (¢-21)°, (t- 1/
Yo T 27 673
Ay (+ - z
Gl | (6-9m)*  (e-37), -L- ‘érZ" ..
Yo 272 3T*
400[
320
E
240 3 /
Lo N |
<+ 160
e
i
5 80;
0
-80 ]‘
]
|
I —— —
O 1+ 2 3 4 S 6 7 8 9 10 11 12 13

TG 137 Time-space relationship for vehictes sboyisis the cor-following (mf(ef &u«)
( DREW)

42



Modeéles de poursuite

K. BAASS

ON PEVT ECALENENT RESOUDRE CE PROBLERE
A LAIDE DE (' ANVALYISE NUHERIOUS .

EPACE ‘J(

20! :_:_“ — >
g0’ Zzah _;;l _
25" | l
|
e

] N

o ( 2 @S t
5(',”, 4 tr/) =/0 [ x (t)—%,,, (ﬁ]

o ON  CHOSIT DES JMIBRYALUR DANALISE (Pov2 pLus H&
PRECIS/ON 0,/.\)

e OKf CALLULE L'ACCELERATION DU 2° VEMCULE €T O/ CoMS/—
JERE QUE  x ., BETE COMST PENDANTL'/WTERVALE ; .

gy*-:v; +a.t} ).(Z(t)::- ;(zlt-—,b) + _&(f'ﬂ‘-z)?" 2,_(?':) ,/:

o f"’/f

()= x.(t-7) + *.’&(t"""); ) ., ;.

Yot = o[ X(t)-x, ze)]

).(! =20 f/.f XL(O) =-25

X2(8) = Xue1(§) = T Xunes (% '”7‘1'(- L=2s

43



Modeéles de poursuite

K. BAASS
TABLE 6.1 Car-Fellowing Calculations
Time .\.'1 ¥. | fl—-.{fa X X3 Xy~ X3
(sec) (ft/sec) (ft/sec?) (ft/sec) (ft/sec) (ft) (ft) (fr)
0.0 300 0.0 0.0 30.0 0 —25.0 25.0
1.0 30.0 30.0 0.0 30.0 30 -250 55.0
20 30.0 30.0 30.0 : 0 60 —-10.0 70.0
3.0 30.0 0.0 450 —15.0 90 27.5 62.5
4.0 30.0 —15.0 37.50 -7.5 120 68.8 51.2
5.0 30.0 -7.50 26.25 3.78 150 100.6 49 .4
6.0 30.0 3.78 24.375 5.625 180 1259 54.1
7.0 30.0 5.628 29.062 0.938 210 152.7 57.3
8.0 30.0 0.938 32.345 —~2.345 240 183.4 56.6
9.0 30.0 —2.345 3J1.641 —1.641 270 215.4 54.6
10.0 30.0 —1.641 29.648 0.352 300 246.0 54.0
11.0 30.0 0.352 29.004 0.996 330 275.3 54.7
12.0 30.0 0.996 29.678 0.332 360 304.7 55.3
13.0 30.0 0.322 30.342 -—0.342 390 334.7 55.3
14.0 30.0 —0.342 30.332 —0.332 420 365.0 55.0
15.0 30.0 —-0.332 29.995 0.005 450 395.2 54.8
16.0 30.0 0.005 29.831 0.169 480 428.1 54.9
17.0 30.0 0.169 29.918 0.082 510 455.0 55.0
18.0 30.0 0.082 30.046 —0.0406 540 4849 55.1
19.0 30.0 —0.046 30.064 —0.064 570 515.0 55.0
20.0 30.0 —0.064 30.009 —0.009 600 545.0 55.0

(14 1) = 1.0{xi (1) —5(1))
¥a(1) :n(f‘——l)+—;—[f’n(!-l)+f-.-(f)]

(1) :x,(r—-l)+—%—[i=(r—~l)+h(f)l

TUTERVAUE JE (cu et =1
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Ic] L INTEAUE DE (Ve A €T 0. sec

TABLE 6.2 Solution of Car-Following Model

Time 1.'1 X1 l.’n Xa 3?3 X3 1.'-& Xy X.'J:,

2 Xs
(sec) (ft/sec) (ft) (ft/sec) (ft) (ft/sec)  (ft) (ft/sec) (ft) (ft/sec) (ft)
0.0 30 0.0 0.00 —25 0.00 —50.0 0.00 —75.0 0.00 —100.0
1.0 30 30.0 0.00 —25 0.00 —50.0 0.00 —75.0 0.00 —100.0
2.0 30 60.0 30.00 —10 0.00 —50.0 0.00 —75.0 0.00 —100.0

3.0 30 90.0 45.00 27.5 15.00 —42.5 0.00 —-75.0 0.00 —100.0
4.0 30 120.0 35.00 67.5 50.00 —10.0 5,00 —725 0.00 —100.0
5.0 30 150.0 23.75 96.9 58.75 44.4 36.25 —51.9 125 —994
6.0 30 180.0 25.25 1214 29.00 88.2 78.00 —48 19.00 —89.2
7.0 30 210.0 31.71 1498 6.96 106.23° 109.75 89.17 70.08 —44.7

“ Front ends of vehicles are separated by less than 18.0 ft (collision imminent).

J:
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TABLE 6.3 Car-Following Trajectories

(1) (2) 3) 4) (5) ()] N (8) 9
Lead Vehicle Following Vehicle Relative
Time || Accel., | Speed, | Distance, || Accel., Speed, | Distance, | Speed, | Distance,
(sec) ;\:| .i’] X ..l:z lg X2 \1 - .i'z X — A
0 0 0 0.0000 0.0000 | -25.00 0.0000 25.00
33 0.0000*
1 33 1.6 0.0000 0.0000 -25.00 3.3000 26.60
3.3 0.8250
2 6.6 6.6 1.6500 0.8250 | =-24.59 5.7750 31.19
33 2.2688
3 9.9 14.8 2.8875 3.0938 -22.63 6.8062 37.43
33 3.1453
4 13.2 264 3.4031 6.2391 -17.96 6.9609 44.36
33 3.4418
S 16.5 41.2 3.4804 9.6809 -10.00 6.8191 51.20
33 3.4450
6 19.8 59.4 3.4096 13.1259 1.40 6.6741 58.00
3.3 3.3733
7 23.1 80.8 3.3370 16.4992 16.21 6.6008 64.59
33 3.3187
8 264 105.6 3.3004 19.8179 34.37 6.5821 71.23
33 3.2957
9 297 133.6 3.2910 23.1136 55.83 6.5864 77.76
33 3.2921
10 33.0 165.0 3.2032 26.4057 80.59 6.5943 84.41
33 3.2952
il 36.3 199.6 3.2971 29.7009 108.64 6.5912 90.96
3.3 3.2983
12 39.6 237.6 3.2996 33.0000 139.99 6.6008 97.61
3.3 3.3000
13 429 278.8 3.3004 36.3000 174.64 6.6000 104.16
33
13.33 44.0 2933 — — — — —
0.0 3.3002
14 44.0 3226 3.3000 | 39.6002 212.59 4.3998 110.01
0.0 2.7500
15 44.0 366.6 2.1999 [ 42.3502 253.56 1.6498 113.03
0.0 1.5124
16 44.0 410.6 0.8249 | 43.8626 296.67 0.1374 113.93
0.0 0.4468
17 44.0 454.6 0.0687 44.3094 340.76 -0.3094 113.84
0.0 -0.0430
18 44.0 498.6 —0.1547 44.2664 385.05 —0.2664 113.55
0.0 —0.1440
19 44.0 542.6 -0.1332 44.1224 429.24 -0.1224 113.36
0.0 -0.0972
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TABLE 6.3 Car-Following Trajectories (continued)

Modeéles de poursuite

N (2) (3) (4) (5 (6) N (8) 9)
Lead Vehicle Following Vehicle Relative
Time || Accel, | Speed. | Distance, || Accel, Speed. Distance, Speed, Distance,
(sec) Xy X, X, X X X3 X;p=X2 | x;=x3
20 44.0 586.6 -0.0612 | 44.0252 473.31 -0.0252 113.29
0.0 -0.0369
21 14.0 630.6 -0.0126 | 43.9883 517.32 0.0117 113.28
0.0 —0.0034
22 44.0 674.6 +0.0058 | 43.9849 561.31 0.0151 113.29
0.0 +0.0067
23 410 718.6 +0.0075 | 43.9916 605.30 0.0084 113.30
0.0
23.33 44.0 733.3 —_ —_ —_
-4.6 (0.0058
24 40.9 761.6 0.0042 | 43.9974 649.29 -3.0974 112.31
-4.6 -0.7722
25 36.3 800.2 -1.5487 | 43.2252 692.90 —-6.9252 107.30
-4.6 -2.5056
26 31.7 834.2 -3.4626 | 40.7196 734.87 -9.0296 99.33
-4.6 -3.9862
27 27.1 863.6 —4.5098 | 36.7334 773.60 -9.6334 90.00
-4.6 —4.6632
28 225 888.4 —4.8167 | 32.0702 808.00 -0.5702 80.40
4.6 —4.8009
29 17.9 908.6 —4.7851 | 27.2693 837.63 -9.3693 70.93
-4.6 ~4.7349
30 13.3 924.2 -4.6847 | 22.5344 862.57 -9.2344 61.63
—4.6 —4.6510
3 8.7 935.2 —4.6172 | 17.8834 882.78 -0.1834 52.42
~4.6 —4.6045
32 4.1 941.6 -4.5917 | 13.2789 893.36 -9.1789 43.24
-4.6 —4.5906
32,89 0.0 9434 —4.5895 8.6883 909.34 -8.6883 34.06
0.0 —4.4668
33 0.0 043.4 —4.3442 42215 915.79 -4.2215 27.61
0.0 -3.2275
34 0.0 943.4 -2.1107 0.9940 918.40 -0.9940 25.00

# Average acceleration (deceleration) rate during sampling time interval.
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Figure 6.7 Car-Following Trajectories
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FiGure 32. Detailed motion of two cars showing the
effect of a fluctuation in the acceleration of the lead car.

The second car follows the first with relative speed control
and a time lag T = 1.5sec and C = aT = ¢! = 0.368.
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EXEMUES : T > 0,37
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FiGure 33. Change in car spacing of two cars with dif-
ferent values of C = aT for the follower.

CHANGE IN CAR SPACING
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sensitivity, (a) for various values of 7, and C = aT.

57



K. BAASS
Modeéles de poursuite

aki . C
Braking maneuver } Of the leading ar

) number
0 ,____'-\\‘\ Constant speed car

-10 - ©)

T -20 - \___/' —_ @
g T0- v _
% E;; —40 - \/\ 8
S5 -s0-
o £ -60- \/ %
SE -70- \/
2 ; Collision

..80 —
_90 -

-100
4

' ' ! ! I ' I ' | ' | - T

0 4 8 12 16 20 2

Time (8) —»
simulation example illustrating the phenomenon of queue instability
" Gazis 1972, (A peeTVEEATICN BT AMPLIFIEE | JUSGM A CE auL'lt )y AlT
CoLLICI0N EVTRE VEPHCULE 7 adi

58



K. BAASS

JTABILITE

Modeéles de poursuite

-at (TABIL) TE STABILI T 1
Lami’b‘ I ASYMPIO NBUE
O AUCUNE 0LCILLATION
| 0SCIUATION AMORTIE
0137‘ -
0,$
Lo 0JcIuanoN
| AnoRNE | ofCiuanoN
CROISTANTE
S?
OSCILLANIGN
2.0 CROITANMTE

59

MAY, (490



K. BAASS Modeéles de poursuite

CALLUL JET VARIABLES A PARTIR
J ‘08S€R VATIONS |

e ! fzém 2 it 2
EVULUPPOSANT  UNE ACCELERATION COMTAIIE ON

CH UL
X8 =4%at*tazttx,
) = at tug

AET  DEY  INIERVAUES DE PreToGRAPHIE (OMTAN TS

on RVEA:
% = ¥ at* +Gtx,

Y = datr+24, T ¢t x

= yx; ~X2 ~3¥e Q= Xz +Xo —Z-(!
it 751

S

o - X2=Ae T

/ 2t !
B it
2¢, ; ){“__{(f? 7) Xq C-?/_j

7"(\4: ":’7“ Q("—’:“d*’ﬂ
X (t?-?j = ﬁ-a' (’i—,—Yj‘-rv./t,-ﬁ + Xo

60



Modeéles de poursuite

CHANSEMENT DE VITESSE CONJ"?"A‘UZ; QU A LY

ON SUupProse wu

A

K. BAASS

- —— i ———— — i ————

-

MITESE™ MBS

True x;_, (7)=%;(? ))

il T T N —

4.

t,(photo 1)

Y
f,' -~

x e iisref

fa(photo 2)=7+T7 of equation

Time

61



K. BAASS Modeéles de poursuite

LA VARIATION DE L'ACCELERATION
BRUIT 2’4CCELERATION

o CETTE VARIARLE PEUT ETRE UTYsEE
POUR NDIAMER (£ MIVEAVDE wﬂV/CJF) AR

EUE INIIQUE 1A FREQUEMCE ET (A~
TRILLE DE VARIATIONMS DE JA VNTESSE

* JOVWVENT ON A UTNUSE LA VIrESTe DE
PARCOURS CONNE JNDICATEVR DU iy DE
JErRYCE .

|,
MAHS LES 3 PrROFILS DE UITESSE YN/

PARCOURS EVIRE A ET- B O LE MeNE

TENPS (E7 VITESSE) JE PARCOVRY
V = L
T

62



K. BAASS Modeéles de poursuite

e L' INCONFORT N &7 IONC PAS INCLY
JANS CETIE VARIABLE |
o HYPOTHESE : (£ COMIUCTEVR EVALE LE
MIVEAY DU ROUTE EN
FOMCTION D€ A VITETSE U 'IL
PEUT ATTEINDRE, MAHS EEALE -

MENT &N FONCTION DE _
L' UNIFORIMITE DE CEITE VITESSE.

* (A UALARLE “BRVIT D'AcCcErerANON * PEVT
DECRINE (A QUALITE DE SERUCE.

o LES FLUCTVANIONS DEIENIEIM™
— JU CoNIUCTEUR

- JE N v
- DE R CIRCUIATION ANEIANTE

. C(OMDUCTEVR
4 ’f"‘?‘*

- _
”mh HG_:H—{_ =20

coNIueTEYR "SPORTIF"
POTRAMTIEULIZENT DANGCEREX

63



K. BAASS Modeles de poursuite

0°=0.03¢g
(A)

Frequency

requency
®

;

A

—2 2 0 i 2

Acceleration in Units of 0.05g (- 1.6 ft/sec?)

Figure 6.10 Acceleration distribution functions for a
driver (A) moving with a traffic stream at approximately

35 mph ond (B) aMempting to drive 5 to 10 mph faster
than the stream average.’’
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TABLE 6.7 anmple Showing Calculation of Accelelration Noise

Elapsed Time  Velocity u nomére de '
at End of at End of TRANCHES

Interval Interval z . A _
Interval (sec) (mph) n At (sec) nd/ At
0 0 54 - _ _
! 30.0 54 0 30.0 0.00
2 60.0 50 s¥-$92)  ¢o-30s30.0 0.13
3 78.0 S6 s6-y0:3 t9-60 s 18, 0.50
4 96.0 60 o= 2 18.0 0.22
s 132.0 60 0 36.0 0.00
6 150.0 56 2 18.0 0.22
7 180.0 54 1 30.0 0.03
8 216.0 56 ! 36.0 0.03
9 246.0 56 0 30.0 0.00
10 264.0 54 i 18.0 0.06
11 300.0 40 7 36.0 1.36

TOTAL 3000 _2.5 S

- - - —— S

It 37 18 in scconds, the running time 7T in seconds, and JMu=2.0 mph,
1210) %22 (2.08 % 88/66)%:28.60 ft2/s¢c.*

Ty L .. /
G‘:[ HG{ sV é" _:_%":_ _ Hr‘( Ur;%)r-.] /2

Podt &5 5 Prerucess M/WVTES T =5-Co =30Ds

: -r¥ el
Q‘:Z_"ﬁb"' .z,a'—z.m"/*—;fﬂ - 0.2¢ /u/g?—
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K. BAASS Modeéles de poursuite

To CBD I.& G.N.RR. Scott Street Cullen H.B.& T.RR. Durr\rble H.B.&T.RR, Telephone
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Fig. 14.9 Acceleration noise profiles, 7:30 A.M.
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K. BAASS Modeéles de poursuite

To CBD I. B G.N.RR. Scott Street Cullen H.B.8T. RR. Dumble H.B.B8T. RR. Telephone
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Fig. 14.12 Level-of-service contours, Tuesday, inbound.
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