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Abstract—This paper presents a methodical approach for acceleration and deceleration procedures. The
the development of a situation classification algathm fora ~ maximal possible vehicle velocity is also adapted t
traffic situation and road infrastructure adaptive ACC- — ypo infractrycture and therefore the driver is
system. The basis for this are driver perceptionsral sensor . .

data, which are recorded in driving tests. The testlesign elieved from further adjustments. Furthermore the
and the analysis methods are described. The situati ~ surrounding traffic is taken into account. Diffeten
classification is assisted by attributes of a digil map in  controller behaviour in stop & go traffic on urban

combination with a GPS-system. The current driving  anq sypurban roads provides an improved system
situation and the traffic flow are included into the
acceptance.

classification process by using distance sensors.hd
situation classification algorithm determines onlire a

driving situation, which is considered in the ACC-ontrol  The overall system set-up for the adaptive ACC-
algorithm. system is shown in Figure 1. The four main
components are the environmental sensors (one far-
field 77 GHz radar sensor and two near-field
24 GHz radar sensors), the vehicle state data such
| INTRODUCTION as _veIocity anq ac_:celeration, a second—gen_eration
Due to increasing traffic volume and grOWingdlgltal map, which includes all necessary attrlbutg

f the test track such as curvatures and velocity

complexity of the driving task, advanced driver. . " . o
assistance systems (ADAS) have been develope '{B'ta.t'.o ns, and thg GPS receiver. T.he situation
assification algorithm, the calculation of the

support the driver and relieve him of the drivini . )
task as far as possible. So-called ACC-syste swgd control_ values and the ACC-control
algorithm are implemented onto a computer-

(adaptive cruise control) combine information . . ) i
about the current vehicle state with data from B0¢€sSIN9 unit on microcontroller basis.
distance sensor respective the distance and the VehiclsteDaa | Distance Sensor
relative velocity of a preceding vehicle. An|* Velocy * Radar

automatic intervention into the engine management e wheel Angi b
and the brake system adapts the vehicle velocity C
and acceleration depending on the current traffic Bl
situation. Today’s main field of application for [, serentarcrs

Index terms—driver assistance, adaptive cruise control,
digital map, driving situations

<

¢ Curvature

such ACC-systems are motorways and rural roads « Velocity Limits
with low traffic density [1].

GPS System Digital Map
At the Institut fur Krafttahrwesen Aachen (ika) a Longitudinal Vehicle Control
traffic situation and road infrastructure adaptive © Throtle Position
ACC-system is being developed. The main goal is -

to increase the performance and the comfort of
existing ACC-systems by taking information about

surrounding road infrastructure such as velocitypa gverall system is integrated in a BMW 728iA
limitations, curvature or position of intersection§as; vehicle. The vehicle is controlled by the
into account. An adaptation of the system 1t94,n4ve ACC-system in longitudinal direction

individual driving situations on motorways, rural 0 ,ocad on an adjustable desired throttle positiah an
urban roads results in adapted and comfortable

Figure 1: Overall system set up



desired brake pressure. The communicaticsuburban roads (motorways and country roads) [3].
between all components is based on the CAN-busThe test course, which is presented in Figure 3,
meets those demands with 39 % urban and 61 %
Today digital maps are used for route planning argliburban roads. The total length of the so-called
increase the traffic safety indirectly by suppagtin“Aachener Roundcourse 2005" is therefore
the driver in the navigation task. For the adaptive5.6 km.
ACC-system  additional information  about
surrounding topology is attributed in those digital
maps. First generation digital maps do not provide
information about velocity limitation, curve radii,
traffic signs etc. Second generation digital maps,
which are expected to be introduced in the near
future, will provide those additional attributesher
position of the vehicle on the map is determined
with the usage of a modern GPS-system and a map-
matching algorithm. The next upcoming attribute,
such as a curvature, is constantly determined
depending on the vehicle’s position.

Suburban length 15.6 km (61 %)

Within this paper a methodical approach for a

development of a situation classification for urban Urban length 10 km (39 %)
and suburban traffic is presented. First the releva
situations are identified in driving tests. The Figure 3: Test course

derived situations are described taking surroundifg. iqentification process is based on two main
traffic and infrastructure data into account. Ois th 4

. e ; . ta sources, which are the situation classifioatio
basis the classification algorithm is developed and, ine driver and the analysis of the infrastruetur
tested on a track in the region of Aachen. On basi$j e surrounding traffic.

of this classification process the situation adagpti

desired acceleration values and the MaXIMURY,ring the overall test drive the probands were
possible driving velocity of the vehicle areégn o raged to describe their driving operations and
determined by the ACC-controller. the driving situations. Data of the traffic situati
in front of the vehicle, the position of the velkicl

Il. IDENTIFICATION OF DRIVING SITUATIONS vehicle state sensors and the environmental sensors
The basis of the situation classification are #vi (radar sensors) were recorded on the overall test
situations, which the driver distinguishes subjectourse. The vehicle set-up is given in Figure 4. At
ively in everyday driving. These situations ar@he same time a moderator was recording the verbal
characterised by the driver on the one hand ag@scription of each driver of the subjective
sensor data of the vehicle and the distance seng@yssification of the driving situations. Therefare

on the other. Therefore driving tests with 20 tegbtal of 41 different driving situations were
persons are conducted in a first step. The testRfntified by the 20 probands.

probands are selected of different age, gender and

driving experience as given in Figure 2. 24 GHz Vehicle
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Figure 2: Proband selection — Dighal

ensors — CAN
The tested traffic scenario is to be representative =
for the_ German road network, which consists of Figure 4: Test vehicle set-up
approximately 22.5% urban roads and 77.47 %




In a second step the recorded data was analysedituations are the basis for a situation clasgiboa
great detail. Figure 5 shows the distribution odf the adaptive ACC-system. Situations, which are
analysed situations per test person (in averaggken into account for the classification algorithm
47.7). A total of 953 driving manoeuvres werare described in the following section.

filtered out of the overall test drives based oe th

subjective perceptions of the probands. Turning Traffic Light Curvature Driving On
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Figure 6 shows an example of the longitudinal
acceleration at 4 different driving off manoeuvres
on urban roads for one test person. All identified
driving situations are therefore described by Craising
parameters and their characteristic course of e.@wa

velocity, acceleration, steering angle etc. ov@eti  votorway Motorway Stop&Go

Following
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Figure 6: Example for data analysis

In a final step these 41 identified situations are

clustered and categorised based on  theifnou stopping With Stopping
characteristics. The results are 9 main groups,
which are given in Figure 7. Each of the groups has

several sub-levels. The situation “following” for
example is classified into two categories: constan®bstacle
and inconstant driving. Furthermore both categories
were measured during the test drives in high Figure 7: Identified driving situations

velocity ranges on the motorway and in low

velocity ranges on urban roads.

As a result of this classification process a logica lll. SITUATION CLASSIFICATION

distinction between all identified driving situat® The traffic situation and road infrastructure
in suburban and urban traffic is available. Thesadaptive ACC-system sets the desired driving

Active traffic participants
(pedestrian, cyclists etc.)



velocity according to the current driving situationman-diagram of the situation classification algo-
For a control in longitudinal direction only, dng rithm is shown in Figure 8. Information about the
situation, in which the driver has to intervengoad type and the current velocity limitations is
because of lane changes, overtaking and crossiexjrapolated of the digital map. Within this
traffic cannot be fully automated due to thealgorithm data about the boundary conditions of the
limitations of the vehicle sensors. Furthermore thiefrastructure (curve radius, velocity limitatiorns)
vehicles sensors cannot detect all relevant dataliasis of the digital map and data of the vehiclg an
classify all identified situations. Crossing trafin environmental sensors are combined.

yield right situations and changing traffic light

signals in free driving are examples, in which th&he situation classification algorithm provides a
driver will have to interfere into the automatediriver based situation analysis. Desired values for
control. the ACC-controller, such as maximum acceleration,
For the situation class “curvature” the drivingare therefore adapted to each single situation. In
velocity, which is set by the ACC-system, iscase the data of the digital map is not availabig,
automatically adapted to the according radius ef tipoor GPS reception quality, the algorithm only
curvature using Equation 1 [4]. Therefore irconsiders the urban driving situations, in whicé th
situations of this category only the velocity iscontrol behaviour is adapted to moderate urban
limited to a comfortable range. driving.

V, =\/R ><(K1+K2><RK3 - K, x\/ﬁ) IV. CONCLUSION
) _ o In this paper a situation classification method and
Equation 1: Velocity calculation in curvature  resulting classification algorithm is described.eTh

The remaining five main categories are integrated{iving situations are derived from driving tests
into the situation classification algorithm. These With 20 test persons on a selected test course. The

approaching, Stopping, driving off, fo”owing andSituation classification algorithm is implemented
free driving. into a C167 microcontroller. Input of the algorithm

is sensor data (vehicle state and radar sensads) an

In the beginning of the classification process thadditional information of a digital map of the
first parameters, which are checked, are the dyivirfecond generation (velocity limitations, curvature,
environment (urban, suburban) and the surroundirigad type etc.).

traffic situation (vehicle ahead, free driving).

Velocity limitations of traffic signs and curvatsre The classification system will be tested on the tes
as well as the current traffic flow are taken int¢ourse presented in Figure 3.

account. The resulting final 18 driving situations

are shown in Figure 8.

On basis of these driving situations an algorithm,
which is based on [2], for the automated situation
classification is developed. The Nassi-Shneider-
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Figure 8: Nassi-Shneiderman-diagram of situatiassification algorithm
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