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Part 1 – Pipeline
The goal of the pipeline is to be able to identify lanes on the road, more importantly only
detecting the left and right boundary of the lane that the vehicle is currently traveling in.
The pipeline for determining lines in each frame consists of six main steps, all described in
detail below. Using Figure 1 as an example for transformations of the pipeline.

Figure 1 Original solidWhiteRight.jpg
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Step 1 – Gray Scaling
First step is to gray scale the image to able to apply other transformations such as Hough
Transform or Canny Edge Detection, which are used later in the pipeline. The result is shown in
Figure 2 below.

Figure 2 Gray Scaled solidWhiteRight.jpg
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Step 2 – Gaussian Smoothing
Next required step is to apply Gaussian smoothing to the gray scaled image in order to remove
noise before applying the canny edge detector. Here, the kernel size parameter is tweaked to
achieve the best edge detection from canny edge detection step. It is known that the
cv2.canny applies its own 5x5 Gaussian filter, however for the purposes of this application
it is determined insufficient, and an additional Gaussian filter of kernel size 13 is applied. The
smoothed result is seen in Figure 3.

Figure 3 Gaussian Smoothed solidWhiteRight.jpg with 13 kernel size
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Step 3 – Canny Edge Detection
Finally, the gray scaled smoothed image is passed through a canny edge detector to outline all
edges by finding the intensity gradients using Sobel kernel in both horizontal and vertical
direction to get first derivative in horizontal direction. Next, applying a non-maximum
suppression to remove any unwanted pixels which may not constitute the edge. Then, applying
a double threshold (minVal and maxVal) to determine potential edges, with use of high and low
thresholds for strong and weak edges. Finally, track edge by hysteresis: detection of edges by
suppressing all the other edges that are weak and not connected to strong edges.
The edges surpassing the maxVal in intensity gradient are sure to be edges, and the edges with
gradients below the minVal are sure to be non-edges and are discarded. The edges that fall in
between are classified by connectivity. If an edge is connected to sure edges by pixels, then its
considered to be part of an edge, otherwise its discarded. This can be illustrated by Figure 4
below.

Figure 4 Canny threshold values illustration for in-between edges.
[https://docs.opencv.org/3.3.1/da/d22/tutorial_py_canny.html]

The final canny edge detected result is shown in Figure 5. The optimization in terms of
thresholds is done to keep most of the large-scale edges; eliminating fine features from the
image. Thus, the lower threshold is chosen to be 25, and higher threshold is 75.
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Figure 5 Canny Edge Detection applied on the gray-scaled, smoothed solidWhiteRight.jpg

ECE 493 AUTONOMOUS VEHICLES

6

February 6, 2018 || ASSIGNMENT 1

PAVEL SHERING

Step 4 – Region Selection
Next step selects the region of interest. Given the position and orientation of the camera, the
lanes are located in the lower half of the image in a trapezoid shape with a wide bottom at the
bottom of the image and narrow top in the middle of the image. The polygon is selected from
15% to 90% of the 𝑥"#$.&'()* on bottom of the image (𝑦"#$.&'()* ) and 45% to 55% of the
𝑥"#$.&'()* at approximately middle of the image size (58% to be exact). The polygon is
illustrated in Figure 6.

Figure 6 Selection of region of interest on the cannyed solidWhiteRight.jpg
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Step 5 – Hough Transform Line Detection
Applying the Hough Transform to detect all the lines in the image. The way the transform
detects all the lines is by transforming a line equation 𝑦 = 𝑚𝑥 + 𝑏 into the Hough space to
represent a line with 𝜌 = 𝑥 cos 𝜃 + 𝑦 sin 𝜃. This allows to find points that are on the same line
Euclidian space will be a point in Hough space.
The parameters for Hough transform are chosen to have pixel accuracy (thus rho = 1) and thus
the angle array will consist of 180 slots, for angles of 0 to 180. The threshold is minimum
number of intersections to detect a line. The higher the threshold the less lines will be detected
as more points are required to declare a line. The threshold is chosen to be close to the OTSU
image threshold which determines the threshold between foreground and background. Lastly,
the minLinLength and maxLineGap parameters are optimized to achieve an image with least
amount of clutter and defined road lanes. The result is shown below in Figure 7.
minLinLength: The minimum number of points that can form a line. Lines with less than this
number of points are disregarded.
maxLineGap: The maximum gap between two points to be considered in the same line.

Figure 7 Hough Transform of the cannyed region of interest of solidWhiteRight.jpg
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Step 6 – Combination with Original Image
The last step in the pipe line is to combine the result of the Hough Transform with the original
image to get an image shown in Figure 8.

Figure 8 Detected lines overlaid on the original solidWhiteRight.jpg image
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Step 7 – Modifying the Draw Lines Function
Finally, the last step of the pipeline is to draw two extrapolated lines (one on the left and one
on the right). To accomplish this, the draw_lines() function is modified.
The draw function first analyzes all the lines passed in from the Hough Transform in terms of
their slope. The first stage it to filter all lines that are too big in slope, which would be
unrealistic for highway lanes. Next, the lines are split into two parts of the lane (left and right)
based on the direction of slope (positive = right or negative = left). After separation by sides, all
points in the lines of the left and right sides are used to fit a line through it with an intersection
with the bottom of the image; ending in the middle to extrapolate the lines. The line fitting is
based on first degrees thus, creating two straight lines, one on the right and one on the left.
The result of the line filtering is shown in Figure 9, and the final result is shown in Figure 10.

Figure 9 Modified draw_lines() function result of Hough Transform of region selected cannyed solidWhiteRight.jpg
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Figure 10 Final result of the modified draw_lines() function overlaid on top of the original solidWhiteRight.jpg image
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Part 2 – Potential Pipeline Shortcomings
Below is a list of potential shortcomings that exist with the current pipeline.
1. The lane lines will not be detected if something is covering the lanes for example if a
vehicle in front is changing lanes, no line will be detected and thus no lines will be
overlaid. Thus, failing to extrapolate and outline the lane or any directional lines ahead
2. Shadows or pour lighting may affect the ability of the pipeline to detect any lines. This
can occur when a tall vehicle can be driving in the near lanes laying shadow on the lane
lines in front of the autonomous vehicle.
3. Inability to detect curved lines, this occurs when the highway lanes are wavy or in
general the road is very wavy (ie highway 1 in California)
4. Shaky extrapolated line on the broken line side of the lane, this is occurs in the current
tests, since the line regression of the broken line side keep fitting a different slope with
sharp transition.

Part 3 – Possible Pipeline Improvements
Some possible solutions to the listed above shortcomings are described below:
1. One possible solution is to keep an average slope and intercepts of both lane lines such
that if they disappear the lines will still be overlaid base on previous reading and
possibly a weighting factor that weights the previous values a less than the current
reading.
2. In the very early stages of the pipeline, the color space can be changed from grayscale,
to HSV conversion, which allows to filter colors easier by focusing on hue and saturation
(color and color intensity) of the pixel instead of its darkness. This allows to handle
shadow and worse lighting conditions much easier. The filter would focus mainly on
keeping white and yellow color (lane colors) and turning the rest of the image black.
3. The first degree polyfit in draw_lines() function prevents the algorithm form detecting
curved lines, thus changing this to a second or third degree polynomial fit will add to the
ability to fit curves onto the lines.
4. Keeping the average slope and intercepts of both lines with a weighting factors for
transitions will allow for smoother slope changes, thus less shaky results in drawing an
extrapolation lines to detect the lane.
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