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OPERATING SPEED MODELS OF TWO-LANE RURAL STATE ROADS DEVELOPED ON
CONTINUOUS SPEED DATA
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Preliminary communication
This paper presents models for predicting operating speeds on tangent sections and curves of two-lane rural roads developed on continuous speed data.
The data corresponds to 20 drivers of different ages and driving experiences, driving their own cars along an 18 km long section of a state road. The data
were first used for determination of minimum operating speeds on curves and maximum operating speeds on tangents and their comparison with speeds in
the middle of curves and tangents i.e. speed data used in most of the operating speed studies. There was no significant difference between speed models
developed using speed data in the middle of tangents and curves and models developed using maximum and minimum operating speeds on tangents and
curves. Models developed on continuous data have higher coefficient of determination than models developed on spot speed data. It can be concluded that
the method of measuring has more significant impact on the quality of speed model than the location of measurement.
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Modeli operativne brzine vangradskih dvotracnih cesta temeljeni na kontinuiranim podacima

Prethodno priopcenje
Ovaj rad prikazuje modele za predvidanje operativne brzine na pravcima i krivinama dvotracnih vangradskih cesta razvijene na kontinuiranim podacima o
brzinama voznje. Podaci se odnose na 20 vozaca koji su vozili svoja vozila duz 18 km duge dionice dvotra¢ne drzavne ceste. Podaci su prvo koristeni za
odredivanje minimalne operativne brzine u krivinama i maksimalne operativne brzine na pravcima te njihovu usporedbu s brzinama, u sredini krivina i
pravaca, koje se najcesce koriste za razvoj modela operativnih brzina. Nema znacajne razlike izmedu modela brzina razvijenih na temelju podataka o
brzinama na sredini pravaca i krivina i modela razvijenih na temelju podataka o maksimalnim i minimalnim operativnim brzinama na pravcima, odnosno
krivinama. Modeli razvijeni na temelju kontinuiranih podataka imaju veci koeficijent determinacije od modela razvijenih na temelju tockastih podataka o
brzinama u sredini pravaca i krivina. Stoga se moze zakljuciti da metoda mjerenja ima znacajniji utjecaj na kvalitetu modela brzina od mjesta mjerenja.

Kljucne rijeci: operativne brzine; kontinuirani podaci o brzinama, pravac; krivina; brzina u presjeku, konzistencija

1 Introduction

Examining the accident reports many researches have
concluded that one of the main causes of accident
occurrence is the lack of geometric design consistency in
terms of maintaining the desired travel speeds [1+7]. In
order to improve safety, a number of road safety programs
have been established, and among the most promising
strategies is the implementation of the concept of design
consistency [8]. Design consistency refers to the ability of
geometric characteristics of the road to conform to
driver’s expectations [9]. A consistent road design ensures
coordinated successive elements producing harmonized
driver behaviour with no surprising events. Among the
different existing measures for design consistency
evaluation, the operating speed approach can be named as
the most efficient and quantified measure [10]. Therefore,
the first step in evaluating road design consistency is a
development of statistical model that can predict
operating speeds based on the geometric characteristics of
the alignments elements.

In the past sixty years many operating speed studies
around the world have been conducted [11]. The
traditional approach is to predict operating speeds
separately on curves and tangent sections. Just a few
authors developed continuous operating speed model on
successive elements of highway alignment [12, 13].

Majority of studies resulted in operating speed
models on horizontal curves while there have been only a
few attempts to develop speed models on tangents. There
are a few reasons for the lack of modelling speed on
tangent sections. Horizontal curves are high-accident
locations, so the curve speed is the principal parameter for

safety evaluation. Also, it is easier to model the operating
speed on curves because of the strong correlation with the
curvature of the alignment element [13]. On the other
hand, there is an opinion that the tangent speed depends
on too many parameters [14], so it is hard to establish a
reliable model.

Operating speeds on curves show significant
dependence only on a few parameters of which the most
important is radius or curvature of the alignment element.
The coefficient of determination R* of these models is
usually greater than 0.7. Including the approach tangent
speed as an independent variable, R* increases to more
than 0.85 [15].

The results of speed models on tangent sections are
not so good. In the analysis of 162 tangent sections on
two lane rural highways [14] it was not possible to
develop a model capable to describe the operating speed
in the middle of tangent section because of its dependency
on the elements before and after the section. So,
researchers separated the tangents in four groups
according to tangent length and sharpness of the
preceding and the following curve. The corresponding
coefficients of determination ranged from 0.55 to 0.84.
Federal Highway Administration (FHWA) developed
speed profile models for lower speed highways (up to 64
km/h) for use in Interactive Highway Safety Design
Model ISHDM 2010 release. Separate models were
developed for short (<45 m) and long tangents. Resulting
R* were pretty low. Coefficient of determination for short
tangents model was 0.49 (the predicting variables were
posted speed and radius of the curve). For longer tangents
the posted speed, roadside hazard and length of tangent
were found to impact the operating speed. Coefficient of
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determination of this model was 0.29. Ottesen and
Krammes [16] developed operating speed model in curves
with the approach tangent speed as an independent
variable. Because it was not possible to develop an
appropriate model for long tangents, a constant value of
97.7 km/h was considered as the desired speed on long
tangents.

Better results were achieved by using environmental
speed as a reference value for both short (dependent) and
long (independent) tangents [17]. Authors proposed a new
operating speed model in which the geometric features of
the previous and oncoming alignment were explicitly
considered.

The main purpose of the operating speed model is
evaluation of design consistency. Design consistency for a
single road element can be assessed by comparing the
operating and design speed and also by determining the
margin of safety i.e. the difference between side friction
supply and side friction demand [18]. Operating speed
differential between curve and tangent section is used to
evaluate the consistency in the transition between two
successive geometric elements. It is therefore very
important to develop methodologies suitable for
estimating the speed behaviour of drivers not only on
curves but also on tangent sections.

Although numerous studies have been developed in
order to determine operating speeds, most of them were
based on spot speeds and certain assumptions about
drivers’ behaviour. The lowest speeds along the
horizontal curves and highest speeds along tangents are
considered to be the desired drivers’ speeds. The
researchers collected speed data at specific locations of a
roadway, mostly at the middle point of horizontal curves
and tangents, or 200 m before the end of tangents [19]
using a radar gun or a similar device. Due to the lack of
data, many models used the assumption of a constant
speed along the horizontal curve. These assumptions may
not be realistic [20]. Except for the unrealistic
assumptions of driver behaviour, there are also some
other disadvantages of spot speed data measuring like
cosine error, drivers changing their behaviour in the
presence of test equipment, and human error when
reading data from the device display [10].

Because of many shortcomings of spot speed
measurement and with the development of technology,
more and more researchers focus on continuous speed
data. In the past decade, several operating speed studies
have been conducted based on continuous measured data
using a GPS device [13, 20].

The main purpose of this paper is to analyze whether
mentioned shortcomings of spot speed measurement and
the assumptions of previous operating speed studies like
achieving minimum speeds in the middle of the curves
and maximum speeds in the middle of tangent sections
have impact on the quality of operating speed models.

2 Data collection

Test rides with vehicles equipped with a 10 Hz GPS
data logger, which measures speed, position, curvature,
acceleration and heading, were carried on a 20 km long
road segment. The analyzed road segment is a two-lane
rural state road with a relatively low traffic volume (the

average annual daily traffic is about 1400 veh/day) and no
intersections with major roads. The test rides were
recorded during the day under optimal weather and free
flow conditions, i.e. the headway between the test vehicle
and the preceding or the following vehicle was greater
than 5 seconds, in order to reduce the conditions not
related to the geometry of the alignment [15, 19, 21].

Geometric characteristics of the road segment were
obtained from the main road design and were verified
using detailed geodetic as-built alignment data. Operating
speed prediction models were developed based on the
speed data from an 18 km long road segment, and the
model validation was made with the data from a 2 km
long segment of the road. The analyzed 18 km long
section consists of 64 horizontal curves with radii varying
from 85 to 1010 m and 64 tangents with lengths varying
from 10 to 683 m. Geometric characteristics of the
analyzed road segment are presented in Tab. 1.

Table 1 Geometric characteristics of the analyzed road segment

Element GeomeFrlg Min | Max | Mean | St. Dev.
characteristics

Radius (m) 85 1010 | 300 229
Curve Length (m) 40 440 147 99
Deflection (°) 4 118 41 28
Elevation (%) 2 7 34 1.4
Tangent Length (m) 0 683 101 110
Spiral Length (m) 0 60 32 10
Hor. Alignment | Grade (%) 0.5 6 2.1 1.5

The test driver sample consisted of 20 people with
ages ranging from 23 to 60 years and with different
driving experiences (from 5 to more than 30 years). The
test vehicles were personal cars of different types and
ages.

The value and location of the minimum speed on
curve and the maximum speed on tangent were
determined from each ride’s continuous speed profile.
Also, the speeds in the middle of curves and tangent
section as well as the speeds 200 m before the end of long
tangents were recorded.

The values of operating speeds Vgs determined from
the continuous speed data collected on the 18 km long
road segment were used for analyzing the locations and
values of speeds on curves and tangents relevant to the
development of operating speed models. After defining
the relevant speeds, the operating speed prediction models
for tangent sections were developed based on the
geometric characteristics of the road. Additionally, using
the predicted speeds on tangents, the operating speed
models for horizontal curves were developed.

3 Analysis of data

In order to investigate the assumptions of previous
operating speed studies, the minimum operating speeds on
curves and the operating speeds in the middle of curves
were compared, as well as the maximum operating speeds
on tangents and the speeds in the middle of tangents. The
locations of minimum curve speed and maximum tangent
speed were also analyzed.
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3.1 Speeds on curves

Table 2 Speed data on curves

Curve R Thet T V857mm V857m1dle Delta

No. | (m) | (m) | (m) | km) | (ke/h) | Vis (%) | =

R1 155 100 52 71,9 72,8

—_

R2 150 52 55 70,5 72,9

R3 140 55 58 71,1 72,7

R4 125 58 23 67,8 69,3

RS 110 23 68 69,0 72,3

R6 800 68 136 89,7 95,2

R7 100 136 41 70,4 71,5

R8 100 41 33 65,2 67,5

R9 105 33 29 69,9 71,4

R10 100 29 46 65,9 68,2

R11 120 46 31 68,2 68,7

R12 350 31 22 774 79,4

R13 310 22 10 78,7 80,2

R14 150 10 10 73,2 75,1

R15 110 10 10 68,8 69,0

R16 170 10 83 72,7 74,7

R17 350 83 340 78,3 79,3

R18 240 | 340 124 81,5 82,0

R19 105 124 30 65,6 66,5

R20 160 30 72 67,1 69,6

R21 180 72 42 75,5 76,5

R22 175 42 10 75,9 71,5

R23 270 10 43 76,7 78,8

R24 85 43 10 68,2 68,4

R25 200 10 133 73,1 74,8

R26 80 133 20 64,4 65,4

R27 105 20 72 61,7 63,2

R28 125 72 23 67,9 68,6

R29 470 23 153 75,5 71,8

R30 850 153 78 85,6 87,0

R31 260 78 201 86,8 88,6

R32 600 | 201 0 85,6 88,3

R33 300 0 48 83,4 84,9

R34 120 48 89 72,2 73,4

R35 200 89 30 79,1 81,5

R36 100 30 42 69,5 70,6

R37 200 42 33 74,6 77,1

R38 175 33 77 80,8 81,8

R39 400 77 32 83,7 86,1

R40 245 32 52 83,4 84,3

R41 180 52 65 80,3 81,0

R42 250 65 167 84,7 86,6

R43 1010 | 167 123 93,4 95,4

R44 610 123 683 93,9 96,4

R45 350 | 683 40 92,8 93,9

R46 840 40 230 93,7 96,2

R47 320 | 230 130 83,4 84,1

R48 150 130 60 73,5 74,7

R49 180 60 30 77,2 81,0

R50 150 30 75 72,5 73,0

RS51 360 75 100 77,9 81,8

R52 890 100 370 93,2 94,2

R53 605 370 135 91,7 94,9

R54 350 135 470 85,1 88,6

RSS 310 | 470 90 85,4 88,1

R56 250 90 20 82,5 83,3

R57 200 20 190 80,9 82,1

R58 510 190 55 91,2 92,3

R59 310 55 210 85,8 86,2

R60 900 | 210 220 89,4 89,2

R61 530 | 220 80 86,0 87,6

R62 350 80 205 82,9 90,1

R63 410 | 205 145 81,6 85,4

= N[O ||| =W [W[= =N [ =W = [N | = W[ = W[ [W N[N WN [N [W | = [W|NN DW= | A== ]| = W[ [N |W|—= W] |W N[N [N | W
NS [ [N [VY [ \O) JEY F50Y U NG FSIY [PVY [UV] Uiy JUiiy NG FUCY (U JUly UG FUN JUI' JUI Uy JUNN [PUY UG JUIRG U JUNN GUI UG FUUY JUIRG JUIR (U JUNN U P FUUY U FNOY U U SN JUI JUIR U U (N JEI FOC) FUCY JUEN O U NG JUIY FUUY [N [N (N JEN FNOY U

R64 145 145 175 77,1 71,7

Tab. 2 presents the locations and values of the
minimum operating speeds on curves (Vss min), the
operating speeds in the middle of the curve (Vgs miaaie) and

the geometric characteristics of road alignment elements:
curve radius (R), tangent length before and after the curve
(Tper and Tyg). Location 1 means that the maximum speed
was achieved in the first part of the curve length, location
2 in the second part and location 3 in the third part of the
curve length.

The average difference between the minimum
operating speeds Vs min and the operating speeds in the
middle of the curve Vgs miqgie 18 2 % and the maximum
difference is 6 %.

The locations of the minimum individual driver’s
speed, as well as the locations of the operating speeds are
dispersed all over the curve length. For majority of curves
(70 %), the minimum operating speeds are located in the
first third of the curve length.

The analysis of individual drivers’ speed profiles
indicated two reasons why the minimum operating speeds
were mostly located in the first third of the curve length.
On the sharper curves (R<200 m) drivers begin to slow
down on tangent before the curve and continue to
decelerate in the first part of the curve to the desired
comfortable speed after which they start to accelerate in
accordance to curvature and length of the next element
(for example curves: R1, R3, R4, RS). In the mild curves
(R>300 m) following short tangents drivers did not reach
the desired travel speed on tangent section so they still
accelerate to the desired speed on the curve, resulting in
the minimum speeds being located in the first part of the
curve length (for example curves: R6, R12, R17, R29).

The minimum operating speeds are located in the last
section of curve length for two cases. The first case is the
one in which the preceding element is a long tangent or a
curve with significantly greater radius than the subject
curve, so that drivers are decelerating all over the curve
length (R7, R14, R26, R54, R61) resulting in the
minimum speeds in second or third part of curve length.
The second case is the one in which the subject curve
radius is significantly greater than the following curve
radius, so that drivers decelerate from the middle to the
end of the curve to adopt a speed comfortable for the next
curve radius (R13, R33, R49, R58).

3.2 Speeds on tangent sections

On short tangents the maximum speeds are dispersed
all over tangent length, depending on the preceding and
the following curve radius, as well as on the driving style
of each driver. It was not possible to find a general rule
for the location of the maximum free flow speeds.

On long tangents (>150 m) most of the maximum
operating speeds are located in the middle of the tangent.
Tab. 3 presents the data about tangent length (7), the
radius of curve before and the radius of curve after the
tangent (Rper and R,g), the location of the maximum
operating speed, the maximum operating speed (Vss max),
the operating speed 200 m before the end of the tangent
(Vss 200) and the operating speed in the middle of the
tangent (Vgs miaaie) for some of the long tangents. Location
1 represents the maximum speed achieved in the first part
of the tangent length, location 2 is for the second part and
location 3 is for the third part of the tangent. The
maximum difference between Vgs_migdie and Vgs max is 4%.
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The maximum difference between Vgs migqie and Vs 20 is
2 %.

Table 3 Speed data on long tangents
Tangent | 7' | Ryer | Ran Loc Vs max | V85200 | V35 middle
No. (m) | (m) | (m) " | (km/h) | (km/h) | (km/h)
T18 336 | 350 | 250 87,8 86,6 97,7
T41 683 | 610 | 350 106,0 | 102,0 1154
T43 230 | 840 | 320 98,4 97.9 109,1
T49 370 | 900 | 600 99,3 97,8 109,0
T51 470 | 350 | 310 94.9 92,4 104,8

NN =W

The continuous data collected in this study showed
that the assumptions that drivers reach their highest
speeds in the middle of tangents, or 200 m before the end
of tangent, and reach their lowest speeds in the middle of
horizontal curves, are not realistic, in general. However,
the differences are not significant. The average difference
is 2 %, the maximum difference is 6 % on curves and 4 %
on long tangents. Furthermore, it was found that the
standard deviation is about 5 km/h on sharp curves, 8 km
on mild curves, while on the tangent sections longer than
200 m and the curves with radius R>350 m, it increases
up to 10 km/h. This makes sense, because in sharp curves
all drivers are forced to slow down, while on long
tangents they can choose their desired speed according to
their characteristics.

Based on the results of data analysis, it can be
assumed that the disparity of locations and values of the
minimum and maximum speeds and other spot speed data
measurements shortcomings could be a reason for low
correlation between the operating speed on tangents and
the geometric characteristics of the road for the models
developed on spot speed data. Therefore, in this study,
operating speed models for the maximum values of speed
on tangents and the minimum values of speed in curves,
as well as for the speeds in the middle of the curves and
tangents were developed and compared.

4  Operating speed models
4.1 Operating speed models on tangents

Operating speeds models for tangent sections are
developed based on two sets of data. The first data set
represents the maximum operating speeds on tangent
sections, and the second set represents operating speeds in
the middle of the tangents.

Operating speed models on tangent sections usually
use linear regression, including variety of geometric
characteristics of the alignment [14]. The independent
variables chosen for the analysis in this study are tangent
length (7), radius of the previous and following curve
(Rper and R,g), deflection angle of the previous and
following curve, length of the previous and following
curve, length of the previous and following spirals and
grade.

Stepwise multiple linear regression indicated tangent
length T, radius of the previous curve Ry and radius of
the following curve R,; as statistically significant
independent variables. Other variables did not have
significant impact on the coefficient of determination.
Several models were examined and the best fit model for

predicting the maximum operating speeds on tangent
section was:

Vi =13+692-In Ry, +3,69-In Ry, +2.97-In T (1)

The model shows a high coefficient of determination
R=0.85 as well as an adjusted coefficient of
determination Rzadj = 0.85. In addition each coefficient
has a high #-statistic with p value less than 0.0001,
indicating the significant contribution of both variables to
the model. Logarithmic function is used because it can
describe the dependence between speed and tangent
length or curve radius better than a linear function.
Namely, increasing the length of a short tangent or
increasing the radius of a sharp curve results in significant
increase in speed. Increasing the length of long tangents,
or increasing the radius of mild curves results in minor
increase of speed, and this is described well by the
logarithmic function. The quality of the model is further
evaluated using mean absolute percentage error (MAPE)
defined as:

5T T
MAPE =" Vs ~ Vs

i 85

2)

The overall MAPE for the data from the 18 km long
segment is 3.1 % and the maximum individual absolute
percentage error (APE) is 11.5 %.

Validation of the model is performed on the 2 km
long test section outside the section used for model
development. The MAPE of the model is 1.9 % and the
maximum individual APE is 4.1 %.

The second set of data, i.e., the operating speeds in
the middle of tangent, resulted in slightly different model
parameters, but with same R* and MAPE as the described
model. It indicates that it does not make much of a
difference which recorded data is used for the
development of tangent speed model.

The obtained results of models are very good,
especially in comparison with the models developed on
spot speed data measured by a laser gun. Thus, it can be
concluded that the method of measurement has a more
significant impact on the quality of tangent speed
prediction than the location of measurement. That is, the
spot speed data collected by a radar gun or a similar
device could be biased by the cosine error, drivers
changing their behaviour in the presence of test
equipment and the human error when reading data from
the device display. Therefore, the continuous speed
profile of drivers of different sex, age and experience
driving their own cars represents the most reliable basis
for developing tangent speed models. On the other hand,
the continuous speed measurement is harder to carry out
because of the need for a high number of test drivers
which have to be properly chosen in order to represent the
entire population in the sense of sex, age, driving
experience and vehicle types. In this study, the number of
test drivers was not enough for the development of a
statistically robust model. Nevertheless, the study shows
that continuous speed data can be used to develop a
reliable model for prediction of operating speeds on
tangents sections of various lengths, from short tangents
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in which vehicles face insufficient length to reach high
speeds (so called non-independent tangents), to long
independent tangents which permit vehicles to accelerate
up to free-flow operating speeds.

4.1 Operating speed models on horizontal curves

The majority of the existing operating speed models
on horizontal curves were made using linear regression
with variety of geometric and traffic characteristics of the
alignment. All of these models include the effect of
curvature on speed. Several other models also include
approach speed as an independent variable, which has a
significant impact on the curve speed prediction model
coefficient of determination [15].

To determine the appropriate horizontal curve speed
model based on the data collected on the 18 km long
segment of the state road authors used a stepwise multiple
regression procedure. Data from 64 horizontal curves (80
m <R< 1010 m) were used for model determination and
speed data from 9 curves (95 m <R< 420 m) on the 2 km
long section were used for model validation.

The tangent speed model indicated that the speeds on
tangents depend not only on the preceding curve radius
but also on the following curve radius. Analogously, it is
likely that the minimum operating speed on curve
depends not only on the approach speed but also on the
departure speed especially for the curves on which the
minimum speeds were located in the last part of the curve
length. Thus, in this study were analyzed the following
independent variables: curve radius, deflection angle,
grade, superelevation, length of curve, approach and
departure speed. A stepwise regression indicated that
beside curve radius and measured approach speed, only
departure speed has a significant impact on curve speed.

The model which includes approach and departure
speed resulted in a high adjusted coefficient of
determination Rzadj = 0.95. The model which includes just
approach speed resulted in coefficient of determination
Rzadj: 0.9.

There is one practical problem in estimation of curve
speed from this model, i.e. one needs to know approach
and departure tangent speed. As it is impractical to
measure speed data for all the existing roads and it is
impossible to get data for planned roads, in this study
estimated tangent speed from model (1) was used as an
independent variable.

Although it has been shown that measured departure
speed has impact on the minimum operating speed on
curve, the conducted stepwise regression indicated that
estimated departure speed has no significant impact on
curve speed so it is excluded from the model. Several
models with radius of curve and approach speed as
significant independent variables were examined and the
best fit model is:

VE =29+823 In R+0364 -V, )

with natural logarithm of horizontal curve radius (R) and
estimated approach tangent speed (1}82) as independent

variables. The coefficient of determination of the model is
equal to 0.86 while the adjusted -coefficient of
determination is equal to 0.85, a reasonably good result.

Using estimated tangent speed instead of measured
tangent speed resulted in a minor decrease of the adjusted
coefficient of determination (0.05 or 6 %). When using a
model without approach speed as an independent variable,
the adjusted coefficient of determination decreased to 0.8.
The accuracy of the model was also expressed by the
MAPE. The overall MAPE for the data from the 18 km
long segment is 3.3 % and the maximum APE is 8.7 %.
The model validation was made with the data from the 2
km long section of the road. The overall MAPE is 3.6 %
and the maximum APE is 8 %.

As for the tangents, a curve speed model was
developed for the speeds measured in the middle of the
curve, too. The resulting model has slightly different
coefficients and the same adjusted coefficient of
determination. It confirms the assumption that the
measurement method has a more significant impact on
model quality than the location of speed measurement.

5 Analysis of results for speed models on tangent and
curves

Fig. 1 and Fig. 2 present the overall results of the
developed speed models. Fig. 1 presents the estimated and
measured operating speeds on tangents and curves for the
analyzed road sections (model development and
validation section). Fig. 2 presents the absolute
percentage errors between the measured and estimated
speeds on the analyzed sections. Analyzing overall results
of both speed models it was found that the maximum 4APE
is 11.5% for model development data while the
maximum APE for model validation data is 8 %. MAPE
for model development data is 3.2 % and MAPE for
validation data is 2.7 %. The APE and MAPE values for
validation data are even lower than the values for model
development data, which means that the models predict
accurately the curve and tangent speed choice of the
driving population. Thus, it can be concluded that the
approach used in this paper resulted in a reliable model
for prediction of speeds on all relevant elements of
horizontal alignment. These speeds can be used for
drawing a continuous speed profile and evaluation of road
design consistency.

6 Conclusion

This paper presents operating speed models on
tangent sections and horizontal curves based on the
collected continuous speed data measured by a 10 Hz
GPS device. Unlike spot speed methodologies,
continuous speed data allows determination of the
locations and unbiased values of the relevant operating
speeds on tangents and horizontal curves. Most previous
speed models were based on the assumption that drivers
reach their highest speeds in the middle of tangents and
reach their lowest speeds in the middle of horizontal
curves. The continuous data collected in this study
showed that these assumptions are not realistic, in
general. The speed throughout a curve does not remain
constant and the locations of the lowest speeds on curves
and highest speeds on tangents differ from driver to driver
and depend on the geometric characteristics of the
preceding and the following elements of horizontal
alignment.
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However, the developed speed models showed that
there is no significant difference in model parameters and
coefficients of determination when the maximum and the
minimum speeds on tangents and curves were used, or
when the speeds in the middle of curves and tangents
were used. Thus, it can be concluded that the method of
measurement has a more significant impact on the quality
of the tangent speed prediction than the location of
measurement. That is, the spot speeds measured by a
radar gun or a similar device have shortcomings such as
the cosine error, drivers changing their behaviour in the
presence of test equipment and human error when reading
data from the device display, none of which is the case
with the data from the continuous speed profile.

A continuous speed data were first used for
development of tangent speed model. Then a curve speed
model is developed using the predicted speed on tangents
as one of the independent variables. The developed
operating speed models on tangents and horizontal curves
resulted in a high level of reliability. MAPE on the
validation data of 2.7 % and APE of only 8 % are even
lower than MAPE and APE for the model development
data.

The advantage of the developed tangent speed model
in comparison with other developed models is in that it
can predict speeds on short and long tangents very
reliably and these speeds can then be used as the values of
the independent variable in the curve speed model. These
speeds can be used for evaluation of road design
consistency. Another advantage is in that the developed
models are based on the continuous speeds measured
under true driving conditions for drivers of different age,
aggressiveness and driving experience, driving their own
cars of different type and age.
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