
Tagung: Fisita 2008 
14. - 19. Oktober 2008 
Title: Machine Learning Methods for Classification of PMD Camera Objects for Driver’s 
Assistance Applications 
Author: Antje Neve, Dipl.-Inf.(FH), M.Sc.(TUM) 
BMW Group Forschung und Technik 
Abteilung, ZT-3 
80788 München 
Email: antje.neve@bmw.de 
Tel.: 089-382-18916 
Fax: 089-382-66423 
 
Abstract: 
BMW currently has several sensors in series production to support drivers assistance systems.  
Examples include the far-infrared camera for night vision and the radar for the Adaptive 
Cruise Control (ACC) system. These sensors provide essential data to the assistance systems 
that alert the driver in critical or uncomfortable situations allowing for a more pleasant driving 
experience. Another interesting sensor for the drivers assistance systems is a Photonic Mixer 
Device (PMD) camera.  The PMD camera is based on the time-of-flight principle to measure 
distances, and it returns within one pixel both an intensity and a distance value. Thus a unique 
and new way to capture 3D data from our environment has been developed enabling a 
processing unit to better segment and classify objects that are otherwise difficult to classify in 
2D video cameras such as pedestrians, cars, trucks or road side objects.  
The segmentation described in this paper is done through a region growing algorithm that 
groups pixels based on the distance from the imager.  
Classification can be performed using several different methods. One way is to define rules 
beforehand and apply them to the given data, e.g. a car has a certain width or height and 
intensity in an image and is by these features then classified as a car in the 3D data. However, 
there are so many features that have to be taken into account that the classification often 
misses cars (false negative) or identifies non-cars as cars (false positive). For this situation 
machine learning algorithms such as Support Vector Machines, Decision Trees and Adaboost 
can be used. For these algorithms, “supervised learning” is applied.  First, several features are 
extracted from a training set and mapped to the different object classes such as pedestrians, 
cars, trucks and also noise. After this training step, the collected information and knowledge 
can be used to classify given data.  
This paper describes the use of machine learning algorithms on data from a time-of-flight 
camera for the classification of the object segments given by the implemented segmentation 
algorithm. There will be a detailed explanation of the algorithms and features used and also a 
performance evaluation of the classification.  
The classified segments can then be utilized for different drivers assistant applications. The 
picture shows a street scene with a bicyclist, a car and a traffic sign and the associated 3D data 
from the time-of-flight camera.  



 


