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Figure 1: Overall system set up  

Abstract—This paper presents a methodical approach for 
the development of a situation classification algorithm for a 
traffic situation and road infrastructure adaptive ACC-
system. The basis for this are driver perceptions and sensor 
data, which are recorded in driving tests. The test design 
and the analysis methods are described. The situation 
classification is assisted by attributes of a digital map in 
combination with a GPS-system. The current driving 
situation and the traffic flow are included into the 
classification process by using distance sensors. The 
situation classification algorithm determines online a 
driving situation, which is considered in the ACC-control 
algorithm. 
 
Index terms—driver assistance, adaptive cruise control, 
digital map, driving situations 
 

I. INTRODUCTION 
Due to increasing traffic volume and growing 
complexity of the driving task, advanced driver 
assistance systems (ADAS) have been developed to 
support the driver and relieve him of the driving 
task as far as possible. So-called ACC-systems 
(adaptive cruise control) combine information 
about the current vehicle state with data from a 
distance sensor respective the distance and the 
relative velocity of a preceding vehicle. An 
automatic intervention into the engine management 
and the brake system adapts the vehicle velocity 
and acceleration depending on the current traffic 
situation. Today’s main field of application for 
such ACC-systems are motorways and rural roads 
with low traffic density [1]. 
 
At the Institut für Kraftfahrwesen Aachen (ika) a 
traffic situation and road infrastructure adaptive 
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 velocity 
limitations, curvature or position of intersections 
into account. An adaptation of the system to 
individual driving situations on motorways, rural or 
urban roads results in adapted and comfortable 

acceleration and deceleration procedures. The 
maximal possible vehicle velocity is also adapted to 
the infrastructure and therefore the driver is 
relieved from further adjustments. Furthermore the 
surrounding traffic is taken into account. Different 
controller behaviour in stop & go traffic on urban 
and suburban roads provides an improved system 
acceptance. 
 
The overall system set-up for the adaptive ACC-
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 
as velocity and acceleration, a second-generation 
digital map, which includes all necessary attributes 
of the test track such as curvatures and velocity 
limitations, and the GPS receiver. The situation 
classification algorithm, the calculation of the 
desired control values and the ACC-control 
algorithm are implemented onto a computer-
processing unit on microcontroller basis.  

The overall system is integrated in a BMW 728iA 
test vehicle. The vehicle is controlled by the 
adaptive ACC-system in longitudinal direction 
based on an adjustable desired throttle position and 
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Suburban length 15.6 km (61 %) 

Urban length 10 km (39 %) 

 
Figure 3: Test course 
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Figure 2: Proband selection 
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Figure 4: Test vehicle set-up 

desired brake pressure. The communication 
between all components is based on the CAN-bus. 
 
Today digital maps are used for route planning and 
increase the traffic safety indirectly by supporting 
the driver in the navigation task. For the adaptive 
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 attributes. The 
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. 
 
Within this paper a methodical approach for a 
development of a situation classification for urban 
and suburban traffic is presented. First the relevant 
situations are identified in driving tests. The 
derived situations are described taking surrounding 
traffic and infrastructure data into account. On this 
basis the classification algorithm is developed and 
tested on a track in the region of Aachen. On basis 
of this classification process the situation adaptive 
desired acceleration values and the maximum 
possible driving velocity of the vehicle are 
determined by the ACC-controller. 
 

II. IDENTIFICATION OF DRIVING SITUATIONS 
The basis of the situation classification are driving 
situations, which the driver distinguishes subject-
ively in everyday driving. These situations are 
characterised by the driver on the one hand and 
sensor data of the vehicle and the distance sensor 
on the other. Therefore driving tests with 20 test 
persons are conducted in a first step. The tested 
probands are selected of different age, gender and 
driving experience as given in Figure 2. 

The tested traffic scenario is to be representative 
for the German road network, which consists of 
approximately 22.5 % urban roads and 77.47 % 

suburban roads (motorways and country roads) [3]. 
The test course, which is presented in Figure 3, 
meets those demands with 39 % urban and 61 % 
suburban roads. The total length of the so-called 
“Aachener Roundcourse 2005” is therefore 
25.6 km. 

The identification process is based on two main 
data sources, which are the situation classification 
by the driver and the analysis of the infrastructure 
and the surrounding traffic. 
 
During the overall test drive the probands were 
encouraged to describe their driving operations and 
the driving situations. Data of the traffic situation 
in front of the vehicle, the position of the vehicle, 
vehicle state sensors and the environmental sensors 
(radar sensors) were recorded on the overall test 
course. The vehicle set-up is given in Figure 4. At 
the same time a moderator was recording the verbal 
description of each driver of the subjective 
classification of the driving situations. Therefore a 
total of 41 different driving situations were 
identified by the 20 probands. 
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Figure 5: Average situations per person 

In a second step the recorded data was analysed in 
great detail. Figure 5 shows the distribution of 
analysed situations per test person (in average 
47.7). A total of 953 driving manoeuvres were 
filtered out of the overall test drives based on the 
subjective perceptions of the probands.  

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 
parameters and their characteristic course of e.g. 
velocity, acceleration, steering angle etc. over time. 

In a final step these 41 identified situations are 
clustered and categorised based on their 
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: constant 
and inconstant driving. Furthermore both categories 
were measured during the test drives in high 
velocity ranges on the motorway and in low 
velocity ranges on urban roads. 
As a result of this classification process a logical 
distinction between all identified driving situations 
in suburban and urban traffic is available. These 

situations are the basis for a situation classification 
of the adaptive ACC-system. Situations, which are 
taken into account for the classification algorithm, 
are described in the following section. 

 
III. SITUATION CLASSIFICATION 

The traffic situation and road infrastructure 
adaptive ACC-system sets the desired driving 
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Equation 1: Velocity calculation in curvature 
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Figure 8: Nassi-Shneiderman-diagram of situation classification algorithm 

velocity according to the current driving situation. 
For a control in longitudinal direction only, driving 
situation, in which the driver has to intervene 
because of lane changes, overtaking and crossing 
traffic cannot be fully automated due to the 
limitations of the vehicle sensors. Furthermore the 
vehicles sensors cannot detect all relevant data to 
classify all identified situations. Crossing traffic in 
yield right situations and changing traffic light 
signals in free driving are examples, in which the 
driver will have to interfere into the automated 
control. 
For the situation class “curvature” the driving 
velocity, which is set by the ACC-system, is 
automatically adapted to the according radius of the 
curvature using Equation 1 [4]. Therefore in 
situations of this category only the velocity is 
limited to a comfortable range. 

The remaining five main categories are integrated 
into the situation classification algorithm. These are 
approaching, stopping, driving off, following and 
free driving. 
 
In the beginning of the classification process the 
first parameters, which are checked, are the driving 
environment (urban, suburban) and the surrounding 
traffic situation (vehicle ahead, free driving). 
Velocity limitations of traffic signs and curvatures 
as well as the current traffic flow are taken into 
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-

man-diagram of the situation classification algo-
rithm is shown in Figure 8. Information about the 
road type and the current velocity limitations is 
extrapolated of the digital map. Within this 
algorithm data about the boundary conditions of the 
infrastructure (curve radius, velocity limitations) on 
basis of the digital map and data of the vehicle and 
environmental sensors are combined.  
 
The situation classification algorithm provides a 
driver based situation analysis. Desired values for 
the ACC-controller, such as maximum acceleration, 
are therefore adapted to each single situation. In 
case the data of the digital map is not available, e.g. 
poor GPS reception quality, the algorithm only 
considers the urban driving situations, in which the 
control behaviour is adapted to moderate urban 
driving. 
 

IV. CONCLUSION 
In this paper a situation classification method and a 
resulting classification algorithm is described. The 
driving situations are derived from driving tests 
with 20 test persons on a selected test course. The 
situation classification algorithm is implemented 
into a C167 microcontroller. Input of the algorithm 
is sensor data (vehicle state and radar sensors) and 
additional information of a digital map of the 
second generation (velocity limitations, curvature, 
road type etc.). 
 
The classification system will be tested on the test 
course presented in Figure 3.  
 
 
 
 
 
 



V. ACKNOWLEDGEMENT 
The presented work was developed within the 
“Honda Initiation Grant 2006”. 
 

VI. REFERENCES 
[1] Wallentowitz, H.: 

Vorlesungsumdruck Fahrzeugtechnik III,  
ika, Aachen, 2004 

[2] Sandkühler, D.: 
Verkehrssituationserkennung: Entwicklung 
und Anwendung in Fahrerassistenzsystemen, 
13. Aachener Kolloquium, Aachen, 2004 

[3] Statistisches Bundesamt: 
Verkehrsunfälle, Zahlenreihe, 
Wiesbaden, 2005 

[4] N.N.: 
PELOPS - Program for the Development of 
Longitudinal Traffic Processes in System 
Relevant Environment,  
fka, Aachen, 2006 


