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ABSTRACT 

The paper introduces a new driver assistance system within the BMW ConnectedDrive concept. Based on 
the driving dynamics and navigation data, the Dynamic Pass Prediction (DPP) indicates road sections that 
are not safe for overtaking. By reducing the enormous driver workload before overtaking situations a safer 
and more comfortable driving is achieved without losing driving pleasure. This example shows how driver 
assistance systems can take advantage of navigation data especially if it contains curve and sign information. 
With the quality of navigation data available today the DPP function is feasible. Taking driving parameters into 
account, a situation adaptive recommendation provides even more benefit for the customer.   
 
 
Key-words:  Driver Assistance Systems, ADAS, ConnectedDrive, Overtaking, Digital Map, Vehicle Navigation 
 
 
 
INTRODUCTION 

Imagine you are driving on a curvy road, 
intentionally having disregarded the motorway 
access. You enjoy the acceleration, the force in 
curves, proud of the outstanding handling of your 
driving machine, fading out all the strains of the 
office. Crud! A truck! Too fast to pass on the fly 
and too slow to follow. You pull left in order to get 
a view over the upcoming road. No, too short to 
the next curve. Again – negative again! This time 
you fall back and accelerate before you pull out, 
thus shortening the necessary way to pass, but 
the run of the right curve is not visible at all. Brake! 
You start to get ambitious - two more 
unsuccessful attempts. After the next curve you 
will do it … 

Sounds familiar? Imagine that: You have a quick 
look at your navigation monitor and see that 
passing is not a good idea for the next two 
kilometres; an extra passing lane commences 
after that distance. You relax and change audio 
track: “Country roads …” 

About 43% of severe traffic accidents today occur 
on rural roads. Typically, severe accidents can be 
assigned to following accident sites: 33% on 
curved roads, 18% on sloped roads, 20% at or 
close to intersections, 29% on other places ( 

 

 

Statistisches Bundesamt, 2005). On rural roads, 
overtaking counts for about 10% of all severe 
accidents. Even though road traffic in Europe is 
steadily increasing, the number of fatal accidents 

was reduced by 40% within the last decade. This 
positive effect can be mostly attributed to 
automotive active and passive safety systems 
such as improved braking systems, DSC, air-
bags, improved car structures, navigation systems 
as well as traffic regulation, infrastructure design, 
etc. However, the number of 40,000 casualties per 
year in Europe is still too high. 

The BMW ConnectedDrive concept focuses on 
the intelligent integration of driver, car and 
environment concerning driver assistance and 
communication (www.ConnectedDrive.com, 2004).  
For BMW ConnectedDrive, driver assistance 
systems enhance safety and support drivers 
actively without interfering: they only make 
recommendations. Examples of available BMW 
systems are Active Cruise Control (ACC) using 
navigation data (Brandstaeter, 2004), Adaptive 
Light Control (ALC) and BMW Night Vision (NiVi), 
(Loewenau, 2005, 1999 and Venhovens, 1999).  

Vehicle navigation based on map data will play a 
major role in future BMW driver assistance 
systems. The integration of precise navigation in 
vehicle control systems enables automatic 
adaptation of the system (its states as well as its 
parameters) depending upon the upcoming 
geometry of the roadway and memorized 
attributes/events using a GPS positioning system 
in combination with a digital road database. For 
the past years, the importance of accurate and up-
to-date digital map information has increased 
dramatically. The digital maps are seen as a new 
type of sensors for the vehicles and could 
contribute to detect objects or dangerous curves 
beyond the horizon of the driver (and sensors). 



Driver assistance applications relying on map data 
need to be guaranteed of a certain level of 
reliability and accuracy in order to provide safe 
and efficient services.  

In order to drive a vehicle well, the driver needs 
accurate information about the driving 
environment in addition to well-founded training, 
experience and the ability to perform routine 
functions. Ideally, the driver is able to estimate a 
situation fully and completely and then make the 
correct decisions. The driving environment is 
based on one hand on the position, movement 
and type of the other vehicles on the road, and on 
the other hand on the route and the nature of the 
road, on traffic regulations, weather, visibility etc. 

However, because of the limitations of sensors, 
driver assistance functions at best possess only 
part of the information needed to describe the 
whole situation. Consequently, the driver will 
always experience a deficit in the expectations if 
the subjectively perceived information does not 
correspond to the full picture of the driving 
environment. The map preview as an electronic 
horizon can act as an additional sensor that will 
enhance the assessment of the situation of the 

vehicle. 

 

Figure 1: DPP system: orange sections indicate 
‘not safe for overtaking’ 

In this context navigation systems and their 
associated databases are used as additional 
forward-looking environment sensors, which make 
part of the missing information available. The 
geometry of the road surface and other 
information about the road, such as its type, 
curves and the number of lanes or restrictions, 
results in an estimation of the driving environment. 
This gives rise to opportunities for optimizing the 
driver assistance functions. 

The outlined assistance system Dynamic Pass 
Prediction (DPP system, see Figure 1) offers a 
new function for recommending overtaking related 
handling strategies. The fundamental algorithms 
of the overtaking decision taking process, the HMI 

development as well as results from real drive 
tests are described. 

 

DYNAMIC PASS PREDICTION AT A GLANCE 

The next sections will discuss the new driver 
assistance application that incorporate GPS,  the 
map-database with the electronic horizon, the 
driving dynamics, the HMI and the visualization as 
well as the results from real test drives. 

 

MAP-DATABASE  

Prototype version of DPP is based on commercial 
NAVTEQ Digital Maps that can be found in most 
of today’s in-car navigation systems.  

To find out of if street segment is suitable for 
overtaking, DPP system will examine number of 
standard street attributes such as number of 
lanes, form-of-way (motorway, single-carriage 
road, roundabout …), speed restrictions, etc. 

Another important element in realization of DPP 
functionality is availability of street curvatures. 
While this data is not yet available in commercial 
Digital Maps, NAVTEQ pre-calculated the 
curvatures at shape points using existing street 
geometry. In general, such calculation can take 
place on-board. However, to achieve better 
results, sophisticated spline-interpolation algorithm 
is used. This method is calculation intensive and it 
is not practical to perform it in real-time on the 
navigation computer. 

In the digital map database, calculated curvatures 
for street shape points are stored. In addition, on 
each crossing, one curvature value for every pair 
of streets is pre-calculated and stored in the 
database. Reverse-linear interpolation is used to 
emulate continuous curvature function over entire 
street length. During the road tests, it was found 
out that the curvature data is of good quality. 

The legal overtaking restrictions are not part of 
standard NAVTEQ digital map attribute set. 
NAVTEQ collected and integrated to the database 
number of street attributes that may affect the 
overtaking decision process. For instance, 
positions of pedestrian crossings, traffic lights as 
well as street markers are inserted in the 
database. 

 

ELECTRONIC HORIZON  

Extract of the digital map containing streets that 
may be reached by the car in the near future is 
called Electronic Horizon (ADAS Horizon, 
Extended Driver Horizon). Path on Electronic 
Horizon that will be followed with highest 



probability is called Most Probable Path. 
Construction of the Electronic Horizon and Most-
Probable-Path is outside of scope of this article, 
but it can be said that EH is generated using 
probabilistic algorithms that takes in account 
number of street attributes as well as the 
calculated route (if available). 

DPP algorithm examines only street segments 
along the Most-Probable-Path. While is possible 
that the Electronic Horizon Most-Probable-Path 
does not correspond with the driver’s intentions, 
this situation is very rare in DPP. Typically, DPP 
will be used on cross-country roads where 
frequency of crossings is not very high. In addition, 
on each such crossing EH algorithm will usually 
prefer most important road to follow; driver will 
turn to side roads either when he know in advance 
which path he will follow (i.e. he is already aware 
of the crossing), or if calculated route follows that 
way. In the later case, since calculated route is 
used as parameter in EH algorithm, side road will 
be on Most-Probable-Path and the turn will be 
taken in account by the DPP algorithm. 

 

DPP DRIVING DYNAMICS 

Based on road geometry and other attributes in 
digital navigation maps as well as actual driving 
dynamic parameters DPP informs the driver about 
road sections that are not safe for overtaking. In 
the sense of the BMW ConnectedDrive concept 
the driver gets knowledge about roads ahead 
even when he is driving in unfamiliar areas. This 
avoids the continuously increasing willingness of 
the driver to take an overtaking risk. By using DPP 
in overtaking situations a safe, relaxed and 
comfortable driving is achieved.  

Since the proposed system does not monitor 
oncoming traffic, it will not indicate that 
overtaking is safe . So the complete maneuver 
remains the driver’s responsibility. As a matter of 
course the driver is obliged to obey effective traffic 
rules.  

In order to adapt to the actual situation DPP also 
makes use of dynamic vehicle information like 

·  initial velocity  
·  acceleration 
·  deceleration 

 
The given geometrical distance values during the 
overtaking manoeuvres are shown in Figure 2, 
where vehicle 1 denotes the vehicle that is 
overtaken and vehicle 2 the overtaking vehicle.   

The parameters for the overtaking distance are 
given by SH describing the whole overtaking 
distance, S1 and S2 the safety distance to the 
vehicle in front of the overtaking vehicle and after 

the overtaking manoeuvres, respectively. l1 and l2  

are length of the vehicles. SL finally describes the 
distance that the overtaken vehicle has passed 
during the overtaking manoeuvres. The sum of the 
whole overtaking distance is than given by SU = SH 
+ SL, where SH is given by SH = S1 + S2 + l1 + l2.  

 
 

Figure 2: Geometry parameters for the overtaking 
maneuver 

 

SU depends further on  

·  v0 : the initial speed of the overtaking vehicle, 
which is assumed to be equal to the speed of 
the overtaken vehicle, 

·  v1 : the assumed velocity of the overtaking 
vehicle after the overtaking maneuver, 

·  vmax : speed limit, 

·  aa : acceleration of the overtaking vehicle and 

·  ad : deceleration of the overtaking vehicle 

·  as well as the range of vision and the 
oncoming traffic. 

Figure 3 - 5 show speed plots for different 
situations. In Figure 3 the overtaking vehicle 
accelerates to a turning speed vm and 
subsequently decelerates to the desired speed v1. 
Applying standard motion equations 
v = v0 + a * t   

and   

S = v0 * t + ½ * a * t2 

and eliminating variables vm, ta and td results in the 
required passing way (see Figure 3 – 5). 
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Figure 3: Speed plot during overtaking maneuvers  

 

 

 

 

 

 

 

 

 

Figure 4: Speed plot during overtaking maneuvers 

 

 

 

 

 

 

Figure 5: Speed plot during the overtaking 
maneuvers  

Figure 4 shows the special case of acceleration to 
the desired speed without a deceleration phase. In 
Figure 5 the maximum speed is limited by vmax. 
Calculation of the passing way SU is done 
analogously. The time values ta,   tc, and  td will be 
calculated dynamically. 

 

HMI, VISUALISATION AND RESULTS FROM 
REAL TEST DRIVES 

Dynamic Pass Prediction is implemented in a 5er 
series sedan (see Figure 6) with navigation 
system and Head up Display (HUD). Results from 
real test drives tests have shown that the system 
enhances safety and supports drivers actively 
without interfering.  

 

 

 

 

 

 

 

 

Figure 6: M5 series sedan with navigation system 
and Head up Display (HUD) 

 

The calculated distance is matched with map and 
navigation data where overtaking is not 
recommended.  

As it is illustrated in Figure 7 – 9 all road sections 
are marked as “overtaking not recommended” 
except those with curvature attributes below a limit 
continuously for at least the passing way SU. 
Further is shown the influence of velocity in Figure 
7 – 9. Illustrated are map data on a rural road 
between Königsdorf and Bad-Tölz (South of 
Bavaria). The orange road sections show sections 
where overtaking is not recommended for various 
velocity parameters.  
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Figure 7 – Figure 9: Orange road sections indicate 
“overtaking not recommended” for various velocity 
parameters 

 

The resulting information is shown on the head up 
display and on the navigation display (shown in 
Figure 10 and Figure 11). In Figure 10 the orange 
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colored bars indicate road sections that are not 
safe for overtaking and show the matched vehicle 
position and the electronic horizon in the 
navigation display. Figure 11 shows the illustration 
on the head up display. 

 

 

Figure 10: Electronic Horizon indicating orange 
road sections in the navigation display where 
overtaking is not recommended 

 

If a road segment is straight and free of crossings 
but too short for overtaking, it will be marked with 
light orange colour. Since the overtaking distance 
is a function of speed, it is possible that road 
segments that are too short become white if the 
vehicle changes speed.  

 

 

 

 

 

 

Figure 11: Dynamic Pass Prediction integrated in the 
head up display 

 

Segments, which the DPP algorithm finds 
unsuitable for overtaking, are marked in orange 
colour (see Fig. 12). Most Probable Path (MPP) 
event signs symbolize the reason for the 
classification in the DPP engine. The Most 
Probable Path (MPP) is part of the electronic 
horizon. If multiple reasons recommend not 
passing, an MPP event sign representing the first 
reason will be shown. All the colours in 
visualization are freely configurable. It is possible, 
for instance, to set the colour of ‘too short’ 
segments same as colour ‘do not pass’ segments.  
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Figure 12: Dynamic Pass Prediction design 

 

As illustrated in Figure 12, the vehicle on the 
display is orange if the start of an overtaking 
maneuver is not recommended at the moment 
and white otherwise.  

 

CONCLUSION 

Driver assistance systems heavily rely on remote 
sensing for road traffic situation perception. The 
concept of advanced vehicle navigation extends 
the driver’s visual horizon to an electronic horizon 
with a much larger range. The ability to combine 
dynamic data (such as vehicle data) and map data 
(such as the roadway geometry from a vehicle 
navigation system), provides the means for a 
driver assistance system to generate a “clear” 
picture of the current traffic scene.  

BMW has proven by series applications, that the 
integration of advanced vehicle navigation in driver 
assistance systems can bring substantial benefits 
in terms of reliability, robustness, increased 
functionality, fuel efficiency, active safety and 
performance. Driver assistance products using 
map databases as an additional source of 
information will most likely be introduced in 
phases. The Dynamic Pass Prediction is based on 
available GPS technologies and common map 
databases designed for driver assistance 
systems. Even with the quality of navigation data 
available today, BMW’s DPP system can be 
enhanced by dynamics, which adapt to the 
situation, providing even more benefit for the 
customer. By using DPP in overtaking situations a 
safer, more comfortable and superior driving is 
achieved.   
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DEFINITIONS, ACRONYMS, ABBREVIATIONS 

ADAS – Advanced Driver Assistance Systems 

ACC – Active Cruise Control 

ALC – Adaptive Light Control 

DPP – Dynamic Pass Prediction 

GPS – Global Positioning System 

EH – Electronic Horizon 

HMI – Human Machine Interface 

HUD – Head up Display 

MPP – Most Probable Path 

NiVi – Night Vision 

 

 

 

 

 

 

 

 

 
 


