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TRAFFIC MONITORING: Optical sensing system improves traffic-flow evaluation

BEATE MEFFERT, ROMAN BLASCHEK, and UWE KNAUER

Governments worldwide are investing much time and effort into developing efficient traffic-management 
capabilities to overcome growing problems with traffic congestion, accident rates, long travel times, and air 
pollution from auto emissions. One approach is to use optical sensors to monitor traffic and establish a dynamic 
road traffic-management system that operates in near real time.1 Such a system requires the design of new 
software and hardware components for signal processing.

Traffic-data measurement systems often used today are 
induction loops embedded in the pavement and the so-called 
floating-car-data technique, in which the desired data--such 
as the position and velocity of the vehicles--are collected by 
several mobile units at the same time and transmitted to a 
central system via mobile communication.2 These types of 
systems have disadvantages, including the inability to 
calculate all the necessary traffic parameters, such as 
object-related features (location, speed, size, and shape) and 
region-related features (traffic speed and density, queue 
length at stop lines, waiting time, and origin-destination 
matrices), or to evaluate the behavior of nonmotorized road 
users.

Optical systems can overcome these limitations and thus 
optimize traffic flow at intersections during busy periods, 

identify accidents quickly, and provide a forecast of changes in traffic patterns. The variety of optical sensors 
offers greater flexibility in system development and application, with a variety of resolution and spectral ranges. 
In addition, several cameras can be installed at multiple locations to compensate for occlusions. Optical systems 
are also able to observe and analyze local and wide-area traffic and automatically generate traffic data, which 
enhances traffic simulation and planning. In addition, image sequences acquired by these systems can be used to 
track all the objects that take part in the traffic flow.

The Institute of Computer Science at the Humboldt-Universitat zu Berlin (Germany), in conjunction with the 
German Aerospace Center, is testing an integrated optical system for image analysis in traffic monitoring. The 
main goal of the research is to develop algorithms for characterizing traffic patterns that can be implemented in 
programmable logic arrays or in digital signal processors in the camera system itself to support real-time signal 
processing. Such a system must be able to acquire and evaluate traffic image sequences at intersections and along 
lanes or roads. The system has to work continuously and reliably, with the ability to extract traffic data at night 
and under bad weather conditions, not just under optimal daytime conditions. The image-processing algorithms 
thus must be efficient, robust, and scalable, and the resolution of the sensors has to support these requirements.

Another requirement is sensor-data fusion--that is, the synchronization of time and correlation of space for 
different images from different sensors and data from other sources. Such a fusion process requires high-speed 
networking, which again means the signal processing has to be very high-performance. These requirements have 
to be taken into account in the design of all parts of the system, from image-signal acquisition via image 
processing and traffic-data retrieval to traffic control.
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individuals (see Fig. 4).

Click here to enlarge image

FIGURE 4. Although the movement of 
pedestrians is less restricted compared to 
vehicles, they tend to restrict themselves in the 
manner they choose their paths, most often 
subconsciously choosing invisible routes that are 
the optimal connections between their points of 
interest.

As a result, the direction of motion at every position is limited to just a few options. The same applies to the 
speed of motion but here there are fewer restrictions. Observing such a scene with a rigid camera, one would 
observe the existence of one or more motion vectors for every image pixel, describing the typical object motions 
for this particular point. It is possible to retrieve this information for every point of the scene automatically, based 
on low-level features of the images. The result is a valuable description of the motion situation in the scene. 
Furthermore, information on the structure of the scene can be derived, and this information can be used to 
identify and qualify regions of interest (such as lanes) and their properties (such as driving directions and speeds).

Our work at Humboldt-Universitat zu Berlin has demonstrated that using an optical sensor system for traffic 
monitoring enables real-time surveillance of large areas. The use of complementary sensors provides a variety of 
images that can be processed to extract features and to track all kinds of objects. Future developments should deal 
with scalable procedures for time-consuming tasks and with methods for optimal partitioning of hardware and 
software implementation of the developed algorithms.
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