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I Major research topic

I Traffic accidents are a serious growing problem

I Goals:
I Safety
I Comfortability
I Saving energy
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I Part of autonomous mobile robots

I Challenges:
I Real time dynamic complex environment
I Large amount of data
I Vehicle motion control
I ...
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Intelligent Cars
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I Autonomous cars

I Driver assistance
I Lane departure warning
I Adaptive cruse control
I Anti sleep system
I ...
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Camera
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+ Can sense lane marks

+ Cheap

+ Passive

- Sensible to changes in light

- No depth information
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LIDAR
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(LIght Detection And Ranging)

+ Can sense 3D structure

+ Independent of natural light issues

+ Can sense ground roughness

- Cannot sense lane markings

- Expensive

- Active sensors

- Latency
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GPS and IMU
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(Global Positioning System and Inertial Measurement Unit)

+ Can calculate the position with 1m accuracy

+ Can measure the vehicle dynamics

- Needs highly accurate map data
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Road
“A wide way leading from one place to another, especially one with

a specially prepared surface which vehicles can use.” [1]

Lane
“A division of a road marked off with painted lines and intended to

separate single lines of traffic according to speed or direction.” [1]
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upper:[3] lower:[4]

lower:[5]
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[6]
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Generic Lane Detection Algorithm
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[7]
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Image Pre-processing
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I Enhance image
I Weaken shadows
I Remove over and under exposure
I Remove misleading image artifacts
I Remove lens flair

I Pruning the image
I Obstacle regions
I Remove unnecessary regions
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[7]

D. Ahlers – Lane Detection 14 / 29



Feature Extraction
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Lane detection:

I Define a threshold to get a binary edge map[8]

I Divide the image into blocks

Classify each block as lane mark or not[9]

I Compensate perspective by calculating “bird’s-eye view”

Identify lanes by predefined color[10]

I Train a neural network to detect lanes[11]

I Search for low-high-low intensity pattern along image rows[12]
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[12]
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Feature Extraction
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Road detection:

I Scan with LIDAR and detect surface elevation variance

First elevation variance is estimated as road boundary[12]

I Convert image to illumination-invariant intensity image

Place seed point in front of car

Grow the region with similar appearance[13]

I Identify by road texture with a pre-trained Adaboost

classifier[14]

I Train a neural network to detect the road[11]
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[7]
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Model Fitting
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I Similar methods for both roads and lanes

I Model represented by boundary points or centerline

I Transform frame to “bird’s-eye view”

I Parametric models:
I Straight lines
I Parabolic curves
I Using RANSAC with least squares optimization[10]
I Hough transform[15]
I Integration over the y-axis[14]
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Model Fitting
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I Semi-parametric models:
I No specific global geometry
I Carefully modeled
I Hough transform on horizontal stripes[9]
I Generate spines[16]

I Non-parametric models:
I Line is continuous but not necessarily differentiable
I With ant colony optimization[17]
I With hierarchical bayesian network[17]
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[7]
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Time Integration
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I Correcting detection
I Estimate new position in world with car odometry

Combine expected lanes with detected ones[12]

I Remove wrong detections
I Compare with lanes from previous frame

Reject when discrepancy too large[12]
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[7]
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Image to World Correspondence
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I Connects the 2D image to 3D world

I Calculating the real position of the car

I Needs exact camera position and orientation for calculation
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I No best algorithm

I Fusing multiple sensors

I Even simple algorithms can handle 90% of the situations

I 100% detection is necessary

I Use more than one algorithm for a single step

I No comparable test for the different implementations[7]

I Recent research mostly unpublished
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