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Evaluation of the applicability of digital maps for the

reconstruction of the real street shape

Alejandro Vukotich

~

Darmstadt University of Technology and Audi AG

Abstract

This paper focuses on the applicability of digital road maps, as théy are used in
commercial navigation‘systems, for the reconstruction of the street geometry. It
points out a procedure to predict the accuracy of calculated curve radii
depending on the quality of database. To obtain a satisfying approximation of
the real street shape, appropriated inferpo’lation and spline methods are used.

Finally, an algorithm for radii calculatio_n' is demonstrated.

1 Introduction

With the advances and proliferatién of navigation systems, the efforts of the
automotive industry in making use of the employed geographical databases for
different comfort and security applications, such as “Advanced Frontlighting
System” (AFS) and “Automatic Cruise Control” (ACC), has grown in meaning
and importance. Both systems can be improved with regard to funétionality and

robustness by evaluating the geometrical description of the forthcoming lane.

This paper demonstrates a procedure for a quantitative evaluation of the
suitability of digital databases for the geometrical description of roads. The
investigation efforts reported in this paper do not focus on the navigation system

as a whole but on the underly'ing' digital road map.

In chapter 2 the basics of digital road maps are presented, chapter 3
demonstrates a method to evaluate and compare existing databases. An

example of evaluation is given in chaptér 4, where different methods of
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interpolation and an algorithm for radius calculation are demonstrated based on

a selected test track.

2 Basics
2.1 Navigation System

Satellite navigation systems are characterised by low positioning aecuracy '(100
meters), limited availability, and integrity owing_to nﬁasking -effects. For
exactness, these deficiencies have to be compensated for by complementary
sensor data, such as velocity and yaw rate [8]. Therefore,‘ once the actual
pesition of the .car is determined _through the “Globaln Positioning System”
{GPS), it can be matched to the database by using additional sensors, and SO,
the adequate route from point A to B can be calculated on basis of the digitalv
map. S . : : R .

Thve use of the determined route for AFS and ACC gees along with high
demands concerning availabahty and accuracy of the predlcted lane, which
leads to severe requirements on the vehicle posmomng and the map matching
algorlthms and clearly differ from the original purpose of navigation systems. |
After matching the actual position to the map, the shape of the street is to be
derived by evaluatnng the n,orrespondmg extract of the database. For this
procedure, it is a prerequisite that the digital road map is as accurate and

updated as possible.

' 2.2 Digital Road map
The database installed within the car is generated in two éte'ps.

First, the European streets are digitised by two main suppliers according to their
rules and methods, which are company dependent. The digital data are then

encoded in a standard “Geographic Data File” (GDF) format [2].

The second step comprié_es_ the reduction and conversion of the GDF database
by the navigation system manufacturer into a system spetific format where

redundant information concerning navigability is removed.
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In commercial digital road maps, streets are represented by polygons, where
the spots represent the shapepoints and the interconnecting lines the street
vectors. To each of them, additional information concerning specific properties

is stored in form of attributes.

To generate the shapepoints and attributes, the database providers make use

of two methods. h

The first procedure consists of the extraction of information of detailed road
maps that are available at public offices. These maps, mainly in the scale of
1:5000, are processed and evaluated with computers. Afterwards, a trained
employee sets the shapepoints manually on the road map, and annotates the
attributes. In this case, a certain subjectivity remains in the posntlonlng of the

shapepomts due to the mﬂuence of the human factor

" The second method to digitise a road netw,ork is by recording the geographical
position delivered by a “Differential Global Positioning System” (DGPS) [6] while
driving along the routes. In this case, an accuracy of one to three meters can he
achieved, while the ‘shap'.epoints are recorded in steps of one to two seconds.
Usually, only a small number of the’ recorded shapepoints is stored in the final
GDF database ’ ’ N

In both dlgltlsmg methods no altitude mformatlon is collected in thls respect to
guaranty the quality of dlgltahsatlon a subsequent verification of the data

generated is done on field.

In order to run through all the stages described above, a year is required until a
database can be commercially released. Taking into account that 20 percent of
the street geometry changes each year, several problems concerning the
information value of the digital map have to be expected. Furthermore, it has to
be considered when applying such systems that large areas are only partially or

not at all digitised.

‘The matter about how precise the database does match the real street

geometry is analysed in the following steps.
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Procedure

“The procedure illustrated in this chapter aims at a quahtitative evaluation of the
accuracy of digital maps concerning their capability to give information about .
the real street shape. The goal is to get a giobal value and an evaluation
method -that can be given to a database manufacturer to test their digitai ‘map
concerning the applications needs, without having to know the exact algorithms
used by the applications. Figure 1 demonstrates the proceeding while the single

steps are explained in more detail in chapter 4.

d‘igital maps real street

¢

smooting

 interpolation

JRESEUENE—

| radius

lateral deviation| |

S § S e s

radius deviation

Fig. 1: Block diagram of proceeding.
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The standard deviation of the distance between digital map and real street
chafacterises how well the digital data matches the street geometry concerning
shape. |

‘The calculated radius of a curv.e, which is extracted from a digital map by using
specific algorithms, can be used as reference for the evaluation of the
underlying database. Spec\i?ally, the mean error of the determined radius
| represents a value that differs clearly between different databases and

algorithms that are applied for the calculation of the curvature.

A description of the functional dependency between the above demonstrated
values, allows a deduction of a relatively éimple to measure value to a complex
one which represents the more appropriate criteria to describe the accuracy of a
digital map in connection to a certain algorithm. In this investigation, the
standard deviation of the lateral distance to the real street represents the
simple, and the mean error of the determined radius stands for the complex

value.

By analysing different databases without changing the algorithm for the radius

calculation, a comparison between different digi_tal maps can be achieved.

3 Investigation
3.1 Test course

A track of 2.5 kilometres length is used as reference for the following
investigations. The country road segment disposes of three left and right
curves, in order to avoid possible shape dependent influences on the evaluation

and interpretation of the database.

Three digital road maps, named map A, B and C, are used and matched with
the actual street shape. The description was taken from corresponding map
material that was obtained from suNey offices in the scale of 1:5000. Maps A -
and B correspond to the original GDF databases,_.while map C represents a

possible navigation system specific road rhap.
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Fig. 2: Representation of the entire test frack.

In Figure 2, the reference road segment is shown in its integrity. The track is
exposed in a Cartesian system, where the axes are given in meters. The
numbers beside the track represent the distance, measured along the' course,
from the lowest point of the track. The real street is drawn by the left and right
delimiting survey points. Figure 3'shoWs the two curVes_at a distance of 1024

metres in more detail.

The individual p’oints represeht the shapepoints, the connecting lines, the street
vectors. To describe a curve with similar lateral deviation values as in straight
segments it is necessary to place a higher number of shapepoints. It can be

clearly observed, that the density of shapepoi'nts increases in curves.
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Fig. 3: Detailed representation of curves. '

3.2 Interpolation

In order to achieve a good approximatibn of the real street course, interpolation
methods are used to generate additional points between the shapepoints given

by the database.

The methods analysed in this . context are the cubic and cubic spline
interpolation [7]. The linear interpolation was not considered due to the fact thét
it gives no further information about the curvature of the street. Figure 4 and 5
show the individual interpolation results based on map A. As reference, the

street median was computed and also graphically represented.

The cubic and the cubic spline interpolation fits polynoms of third degree

between the base points. Equation 1 shows the fitting function

fo= A (X =x)° +B (X=X, )? +C,(x—x,)+D,. | (1)
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Both interpolation methods demand continuity in the first derivation at the

transition points (equation 2 and 3), while the cubic spline sets additional

limiting conditions on the second derivation (equation 4).

fo (X )=1F(X,) (k=1..,n=1).
fi (X)) =F(x) (k=1..n=1.
fk”—1(xk):fklf(xk) (k=1,...,nf1).

y/m o - . -
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Fig. 4: Interpolation results, demonstrated based on map A.

781

(2)

(3)

(4)
Xx/m



-

G shapepoints

s linear interpolation

Pl e cubic interpolation |

1000 +} cubic spline interpolation i
f —— cubic interpoiation after smoothing _ |

e e

f ~
990 -

i
980 :-
970 +
960 |-
950 i

N . H ——— N S M 1] I 3

80 90 110 120 130 140 150 160
x/m )

Fig. 5: Interpolation results, demonstrated on basis of map A.

Strong deviations of the expected course can be observed for the cubic and
cubic spline interpolation at curve entrances and exits which is explained by the
irregulaf spaced data. Lengths between 20 and more than 450 metres can be

found in map A for the corresponding test course.

The overshoots caused by the cubic interpolation are smaller than those
produced by'the cubic spline interpolation, leading to the conclusion, that the

cubic interpolation represents the best match to the real street geometry.

3.3 Smoothing

To improve the interpolation of the data a smoothing of the calculated track has
to be achieved. This can be done either by adding shapepoints at suited
positions, or by formulating special conditions to be fulfilled by the spline

function. For the following analysis, the first method is used.
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By subdividing the long street vectors in equally spaced parts, the overshoots
can be suppressed. Figure 6 demonstrates the length of each street vector
depending of the distance, once for the smoothed and once for the original
shapepoints of map A. The solid line in Figure 4 and 5 represents the best

match, achieved by smoothing and interpolating the data.

vector length / m

T I T Y ¥ T ! T H T
T : i . :
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Fig. 6: Vector length of map A before and after the smoothing.

3.4 Laterél deviation

The lateral deviation is defined as the shortest distance between one
shapepoint on the digital map and the street median. In Figure 7 the definition is

graphically demonstrated. S o
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base point

\
digital map

lateral deviation

/

Fig. 7: Definition of the lateral deviation.

In order to achieve a homogeneous ponderation of the lateral deviation over the
entire test track, base points are generated on the interpolated map at constant
distances to each other. The lateral deviation to the street median is caiculated

for each of these base points.

In the following the lateral deviation is used as a criterion for the fitting quality of
the digital road map to the street. A quantitative comparison between the
different maps is made possible by the mean and the standard deviation of the
lateral deviation. The probability distribution function of the lateral deviation is

represented in Figure 8 for map A.
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Fig. 8: Laterai devia'tion of map A.

It can easily be recognized that the function above represents a Gaussian

distribution. Similar representations result for map B and C. Table 1

summarizes the mean and standard deviation values for the lateral deviation of

map A, B and C.

mean/m standard deviation / m

map A
map B

map C

544 576
-1.97 | 5.23

0.92 10.36

Table 1: Statistical values for the lateral distribution of map A, B and C. _
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For long test courses it is expected to get mean values of zero. Due to the
limited length of the analysed street this effect could not be observed. Future

investigations shall demonstrate this context.

A digital map can have a constant offset to the real street without having effect
~on the quality of shape prediCtion. " The standard deviation gives further

particulars about the shape fidelity of the digital map.

For map C the standard deviation determined is almost twice as high as for map
A and B. This leads to the presumption that map C delivers the worst

description.of the forthcoming lane.

3.5 Street geometry — curve radius

According to RAS-L [1] modern streets are composed of three different types of
segments. These are straight lines, clothoids and circles. The transition of a
straight part into a curve with constant radius is smoothed by clothoids, where
the radius changes continuously along the street. In order to reproduce this
effect, the selected method of radius calculation retrieves a radius for each

shapepoint. Figure 9 demonstrates how the algorithm works.

N -
shapepoint \

(A
\ ' /
\\\ ,/

Fig. 9: Algorithm for radius calculation.

For each shapepoint, two virtual points are generated in a defined distance (d)

along the polygon. The three points define a circle, the radius (r) of which is
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determined and associated to the original shapepoint. Ideally d is to be chosen
as small as possible, but with the decreasing of d, the calculated radius
becorhes more noisy. This occurs due to the measuring and positioning'errors
during the generation of the digital map. In this investigation a distance df 40
metres was chosen. The directioh of the curve has no influence oh the

evaluation of the radius and therefore was not considered in this investigation.

radius /' m

- e

1000 —— digital map A oo A e ; e .

*1 - digital map B | : :
Do digitai map C | : Yol ' '
-~ gtreet median ™ 77T i i
b eanwn v AURVURE R P AW €

300

200

100

— 3 JRO—

400 “ 1100 1200 1300

distance /m

Fig. 10: Calculated radii for maps A, B, C and for the real street shape.

Figure 10 demonstrates the radii generated by the algorithm shown above for
each of the digital maps and for the real street. It can be observed, that the
minimum of radii are very similar for all maps, while the location of the minimum

varies.

Figure 11 shows the difference between the radii calculated for the digital maps

A, B and C and the radii for the real test course.
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Fig. 11: Célculated deviation of the radii for maps A, B, C from the radii

calculated for the real street shape.

In Table 2 the mean value of radii difference is represented for the digital maps.

mean of radii difference / m

map A _ 341
map B - -32.3
map C _ 89.1

Table 2: Mean values of the distribution of the radii difference of map A, B
and C.

788



it can clearly be seen that the radii retrieved by map C is the worst concernihg
accuracy. The mean deviation of the radii to the target value is more than twice

as high as for map A and B.

3.6 Functional dependency

Comparing the resuits of Table 1 and 2, it can be seen that the standard
deviation of the distance between digital map and real street is correlated to the

quality radius calculated by the dem_onstrafed method.

This investigation demonstrates that with an increasing of factor 2 of the
standard deviation of the lateral deviation, the error in radius determination

increases by nearly factor 2.5.

4 Summary and Conclusion

The presented investigation répresents an evaluation method, exemplified for a
selected test course. For a secure statistical statement, additional tracks must

be used and examined.

Further, particular algorithms such as the smoothing can be extended and
improved. Other procedures like Bezier curves must be tested concerning their
applicability. The influence of different types of streets such as motorway and

highway has to be considered.

The error generated'in the calculation of the street radius depends on the..
absolute radius value of the respective curve. This functional dependency has

to be analysed in order to get a mean error for different radii.

Nevertheless, a correlation between the lateral deviation and. the calculated

street radius was found.

Furthermore, the procedure shown in this paper allows a quantitative

comparison of different road maps.
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