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ABSTRACT

                             Driver assistance systems play an increasingly important role in modern vehicles. This paper discusses on-board vision systems, which, by evaluating the surroundings of a vehicle and taking appropriate action, can improve the safety, convenience and efficiency of driving. The focus lies on the important ability to recognize objects, such as elements of the traffic infrastructure and traffic participants. For that reason various recognition results (traffic lights, traffic signs and pedestrians) are presented and a framework for the integration of sensor and control modules in a scalable multi-agent system is provided. The demonstrator vehicle Urban Traffic Assistant   (UTA) has devoted special attention to information, warning, and assistant functions in an inner-city environment. The computer hardware in UTA comprises three 400-MHz Linux/Pentium II (SMP) PCs for the perception of the environment and one Lynx/604e PowerPC for the control of sensors and actuators.
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REAL-TIME VISION FOR INTELLIGENT VEHICLES

INTRODUCTION:

Technology is rapidly changing the capabilities of modern vehicles. Recent innovations include electronic stabilization, voice control, telematics (e.g., route guidance, Internet access), and intelligent airbags. Furthermore, sensor-based systems can survey the surroundings of the vehicle, display the relevant information to the driver, and even take control of the vehicle; these systems have the potential to increase the safety, convenience, and efficiency of driving.

Increased visibility is one way that safety systems can help. Cadillac DeVille’s infrared-based night vision system, for example, projects an image of the road ahead on a small patch of the windshield; obstacles such as cars, pedestrians, or animals are highlighted in the night by the heat they emit. More advanced concepts for safety analyze the sensor data and alert the driver to dangerous situations, such as swerving off the lane, disregarding traffic signs and lights, or overlooking a possible collision. The video-based Lane Departure Warning system, available in 2001 in Mercedes-Benz and Freightliner’s heavy trucks, produces a rumbling sound if the vehicle changes lanes without the prior use of a blinker.

For extreme cases, when a collision is unavoidable and there is no time to warn the driver, driver assistance systems could minimize the collision impact by initiating emergency braking or other protective measures. These safety features also benefit vulnerable pedestrians and bicyclists by reducing the impact of a collision with the vehicle. 

DRIVER ASSISTANCE SYSTEMS:


 Driver assistance systems also promise to increase convenience and comfort by relieving the driver from tedious parts of driving. Conventional cruise controls, which maintain a preset speed, appeared more than twenty years ago. More recent generations involve so-called adaptive cruise controls (ACC), which maintain a constant safe distance to the vehicle in front, automatically slowing down if the vehicle in front slows down, and automatically speeding up if the vehicle in front picks up speed. In the event that the vehicle in front makes a lane change or speeds away, the own vehicle accelerates till it reaches a preset cruising speed of the conventional cruise control. ACCs are perhaps the most visible exponent of sensor-based driver assistance systems nowadays. They are available as an option on most premium vehicles (e.g. Mercedes-Benz S-Class, Jaguar XKR and Lexus LS430). By 2002, Fiat plans to make it available in its mid-range Punto model.

Current ACCs only work in free-flowing traffic conditions on the highways. Over the next few years, their operating range will be extended to the lower speed range, to include bumper-to-bumper, Stop&Go (SG) traffic. Much further down the road - and the focus of research at vehicle manufacturers such as Daimler Chrysler - are cruise controls which can operate in the very complex urban traffic scenario. These sophisticated cruise controls will not only pay attention to the vehicle in front but also take into account relevant elements of the traffic infrastructure (e.g. lanes, traffic signs and traffic lights) and other road users (e.g. pedestrians, bicyclists, mopeds, vehicles).

Finally, driver assistance promise to increase traffic efficiency. This by allowing trucks in the future to participate in „electronic tow-bar“ configurations, where the leading truck is driven manually, and all others automatically. This not only saves manpower, but also fuel, thanks to the reduced distance between trucks in the platoon that are acceptable and the improved wind cover. It might even increase traffic throughput. 


A variety of sensors vie to provide the eyes and ears of driver assistance systems: video cameras, radar sensors (77 GHz / 24 GHz), laser scanners, ultrasound devices. In particular video sensors are a natural fit, given that they provide texture information at very fine angular resolution, facilitating the high degree of discrimination necessary for object recognition (e.g. lanes, vehicles, pedestrians, traffic signs, traffic lights). The human visual perception system is a good example of what performance might be achieved with such sensors, if only the appropriate processing is added. By using a complementary set of sensors, however, system reliability and accuracy can be improved. In particular the radar- and video-combination is under active consideration. Finally, cooperative safety systems, involving vehicles which communicate and coordinate responses among each other, could one day close any remaining perceptual gap of the sensors.

INTELLIGENT STOP&GO:
Our interest in vehicular safety centers on vision-based driver assistance systems . The Intelligent Stop&Go system uses a sophisticated cruise control that autonomously follows a lead vehicle, pays attention to the relevant elements of the traffic infrastructure, and accounts for other traffic participants.

 The Intelligent Stop&Go represents a multiyear effort by Daimler Chrysler to build a sophisticated cruise control that can function on highways, on secondary roads, and in urban environments. It combines the following capabilities:

· Extracting lane boundaries, even when they are not clearly marked and do not contain the typical structure
· Detecting a vehicle that can be followed, estimating its distance, speed, and acceleration;
· Detecting stationary obstacles, such as parked cars, which limit the available free space;

· Recognize the traffic signs and traffic lights that are relevant 

· Detect and classify additional traffic participants, such as pedestrians, who might cut in between the lead vehicle and the host vehicle.
DETECTION:
Visual detection attempts to associate a Region Of Interest (ROI) in the image with a potential object. Different methods developed that detect objects are based on depth, color, and shape. 

Depth: Stereo vision
Sensor systems for driver assistance require a three-dimensional (3-D) map of the environment in front of the vehicle to navigate safely and avoid collisions. This map must include position and motion estimates of the relevant traffic participants and potential obstacles. A passive 3-D sensing approach based on stereo vision has been perused. Compared to active sensors, such as radar and laser, stereo vision provides a much  higher spatial resolution. Furthermore, being passive, there is little potential for interference with the environment.

A standard area-based correlation, with a fast sum-of-squared criterion is used  to provide correspondence between the left and right images. A multi resolution approach and an interest operator is used to speed up computation; correspondences found at coarser levels constrain matches at finer levels . The final result is a disparity image, with depth computed at a subset of image locations [see Fig. 1(a) and (b)].

The disparity image, in a straightforward manner, reveals obstacles, assuming a calibrated camera and a “flat earth.” The vertical projection of these features onto the road yields a 2-D histogram; obstacles show up as peaks in Fig. 1(c). You can distinguish  the pedestrian, lead vehicle, and the other parked vehicles. The system fits rectangular boxes over the obstacles on this depth map to determine the width of the obstacles. It tracks these boxes from frame to frame; Kalman filters estimate the velocity and acceleration of the corresponding objects relative to the camera coordinate system. It also computes the free road space from the depth map [see Fig. 1(d)].

Color: Pixel Classification and Region Growing

Many relevant traffic objects, such as traffic lights and traffic signs, contain strong color cues. Humans are very good at perceiving generic colors, such as red and green, even though the underlying hues vary with illumination, viewing angle, and spectrum. A system uses learning approach based on statistical pattern matching, instead of explicitly mapping from color space to color labels, which is difficult at best. The system uses a lookup table to classify image pixels. Then it aggregates neighboring pixels of the same color class for higher level processing.     

Shape: Hierarchical Template Matching

Shape is another important visual cue or object detection. Compared with color, shape information tends to remain more stable under varying illumination because of the differential nature of edge extraction. 
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Generally, a template hierarchy is used to capture the variety of object shapes; efficient hierarchies can be generated, or learned, offline for given shape distributions using stochastic optimization techniques. Matching online involves a coarse-to- fine correlation approach over both the shape hierarchy and the transformation parameters. We can measure the gains of several orders of magnitude for this approach over the equivalent brute-force formulation. 
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CLASSIFICATION:

Objects typically have a wide variety of appearances because of shape variability, different viewing angles, and changes in outdoor lighting. Explicit models are seldom available; therefore, we derived models implicitly by learning from examples. Recognition thus becomes a classification problem. Extensive sets of labeled data are collected offline and derived an internal representation of the data distribution. The recall stage classifies unknown samples with these data. We prefer to use the richer set of intensity features for this classification task. See Fig. 2.
At each time step, the detection stage provides an ROI that is a rectangular image with pixels masked out in nonrelevant positions. This ROI is then normalized both for size and contrast in the lighting. For this, standard pattern classification techniques, such as polynomial classifiers (PCs), multiplayer perceptions (MLPs), radial basis functions (RBFs), and support vector machines (SVMs) are used after aggregating the relevant pixel intensities in a feature vector. 
SYSTEM INTEGRATION:
Driver assistance systems are challenging in both algorithm and architecture. Most driver assistance systems fit a specific application, such as lane keeping on highways. These systems usually have a few computer vision and vehicle control modules that are connected to each other in a hard-wired fashion. Although this kind of architecture is suitable for many applications, the growing complexity of driver assistance systems require software architectures, which have:

· Abstract levels of action, perception, and control;
· Sensor fusion;

· Integration and cooperation of the software modules;

·  Economical use of resources;

·  Scalability;
· Distributed computing.
We have pursued a multiagent system approach to meet these requirements. The Agent NeTwork System (ANTS)  (see Fig. 3) explicitly distinguishes between modules and the connection of modules.

Connecting a group of modules forms an application. One version of the pedestrian recognition, for example, combines several classifiers and a stereo algorithm. The stereo obstacle detection algorithm delivers the candidates as input for the pedestrian classifiers. An administrator merges the asynchronous results of the different classifiers. Finally, a stereo object tracker tracks the classified objects.
ANTS has a flexible software architecture that allows the development of various applications without modifying the modules. Moreover, the system allows changes in connections during runtime. This enables the economical use of computational resources and adaptation to the current situation. We can, for example, accomplish lane keeping on highways and switch dynamically to the Intelligent Stop&Go application in the city.
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URBAN TRAFFIC ASSISTANT (UTA):
The Urban Traffic Assistant (UTA) develops special attention to information, warning, and assistant functions in an inner-city environment. UTA is an E-class Mercedes-Benz containing sensors for longitudinal speed, longitudinal and lateral acceleration, yaw and pitch rate, and the steering wheel angle. It is equipped with a stereo black-and-white camera system as well as a color camera. UTA has access to throttle, brake, and steering. Furthermore, it displays the results of the perceptual modules in a graphical environment from either the driver’s perspective or a virtual viewpoint.
The computer hardware in UTAcomprises three 400-MHz Linux/Pentium II (SMP) PCs for the perception of the environment and one Lynx/604e PowerPC for the control of sensors and actuators. So far, five administrators have been integrated (two for computer vision and one each for driver interface/visualization, driving phase determination, and system status, respectively).

UTA contains modules for lane detection and tracking, obstacle detection, lateral and longitudinal vehicle control, recognition of lead vehicles, road marks, traffic lights, traffic signs, and pedestrians. All modules run real time (>10 Hz) on a single processor; the exception is the shape-based pedestrian detection module running approximately at 0.5 Hz on an MMXenabled processor
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This subsection deals with work in progress
in recognizing the most vulnerable traffic participants, the pedestrians. We can either recognize pedestrians by their shape or by their characteristic walking pattern.
Figs. 5-7 show some recognition results following the detection-classification framework. It detects traffic lights using color cues. It enlarges the corresponding ROI to include the black box around the traffic light, and an ATDNN classifies it based on single images (Fig. 5). It detects traffic signs using shape cues and a RBF network classifies them (Fig. 6). One option of recognizing the pedestrians is depth-based detection followed by the recognition of the specific gait pattern of pedestrians. The obstacles detected by the stereo module are shown as black rectangular boxes (i.e., ROIs). The ATDNN classifies a sequence of these ROIs (shown as thumbnails in each image) either to confirm or to reject the presence of a pedestrian. Finally, Fig. 7 shows shape-based pedestrian detection using hierarchical template matching.
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FUTURE WORK:

Camera Dynamics: The improvement in the insufficient dynamic range of the common CCD is the new logarithmic CMOS-Chips (High Dynamic Range Chip). These chips will help us on sunny days to see structures in the shadowed areas as well as at night-time, when bright lights glare into the camera and confuse the automatic camera control.

The furthermore improvement in performance of sensors are to be made. Also combining the vision with a differential global positioning system, inertial systems, and digital maps can help tasks such as lane following, particularly during poor visibility conditions. Combination with radar might result in more accurate tracking of the lead vehicle in ACC applications.
CONCLUSION:
 
In this paper we have proposed a prototype assistant module for an integrated driver assistance system, which handles a variety of situations to decide whether warnings are necessary, or not. Different warning alarms have been combined to achieve more robust assistance function. More information about the environment, e.g. other traffic participants and lane border consistence, will be necessary to distinguish safe and unsafe situations. Investigating user acceptance of the warning signal is still necessary. An important task to increase the overall acceptance is to evaluate the actual driving history to adapt the reactions of the system to the more global behaviour of a driver.
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