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https://link. zhihu. com/?target=https%3A//github. com/udacity/CarND—-Adv

anced-Lane—Lines/blob/master/project video. mp4

i
Fon ATESN =IRINETTRE, NI R . AR 2 TE A 1 XA
AEEE L, i ER.

2/43


https://link.zhihu.com/?target=https%3A/github.com/udacity/CarND-Advanced-Lane-Lines/blob/master/project_video.mp4
https://link.zhihu.com/?target=https%3A/github.com/udacity/CarND-Advanced-Lane-Lines/blob/master/project_video.mp4

Lyfhchpiniis 5 RN 2019.04.19

B N AR A E SGE R, A DTHRIRT @ B LA 5%, JFX GRi
MU G H i) 48 Ze AT AN

1 RIFHIRE

FAE R K2 AW it IRARAL, s LA £ R ARAT L 4 B 25 i 52 430 22 0 )
A%k . WHIRZ R Z I8 M AR EREE, REASHRRK LR
FrRCRs i E R

Example of fisheye photography
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https://github.com/udacity/CarND-Advanced-Lane-Lines/blob/master/camera_cal

/calibration2.ipg
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def getCameraCalibrationCoefficients(chessboardname, nx, ny):

objp = np.zeros({ny * nx, 3), np.float32)

objp[:,:2] = np.mgrid[@:nx, 8:ny].T.reshape(-1,2)

objpoints = [

I
¥
—

imgpoints

]
i
—

images = glob.glob{chessboardname)

if len{images) > @:

print(“images num for calibration : ", len(images))
else:

print("No image for calibration.”)

return

ret_count = 8

for idx, fname in enumerate(images):

5/43



Lynchpiniis s [TEREFSE N 2019.04.19

img = cv2.imread(fname)

gray = cv2.cvtColor{img, cv2.COLOR_BGR2GRAY)
img size = (img.shape[1l], img.shape[8])

# Finde the chessboard corners

ret, corners = cv2.findChessboardCorners{gray, (nx, ny), None)

# If found, add object points, image points
if ret == True:

ret_count += 1

objpoints.append(obijp)

imgpoints.append(corners)
ret, mtx, dist, rvecs, tvecs = cv2.calibrateCamera(objpoints, imgpoints, img_size

print{ Do calibration successfully’)

return ret, mtx, dist, rvecs, tvecs
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https://github. com/udacity/CarND-Advanced-Lane-Lines/tree/master/came
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nx = 9
ny = 6

ret, mtx, dist, rvecs, tvecs = getCameraCalibrationCoefficients('camera_cal/calibrati
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b5, A H OpenCV $EAL[ R 4L cv2.undistort(), & NRIRITHE AT 2 g AE 2
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# Step 2 : Undistort image
A
def undistortImage(distortImage, mix, dist):

return cv2.undistort(distortImage, mtx, dist, None, mtx)

ARG AZ R AL A B RO ], HEAT IR AR B AL PE

# Read distorted chessboard image

test_distort image = cv2.imread(’'./camera_cal/calibrationd.jpg’)

# Do undistortion

test_undistort_image = undistortImage(test_distort_image, mtx, dist)
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https://github. com/udacity/CarND-Advanced-Lane-Lines/blob/master/came

ra cal/calibration4. jpg
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test_distort_image = cv2.imread('test images/straight linesl.jpg')

# Do undistortion

test _undistort_image = undistortImage(test _distort_image, mtx, dist)
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https://github.com/udacity/CarND-Advanced-Lane-Lines/blob/master/test_image

s/straight linesl.jpg
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https://github.com/udacity/CarND-Advanced-Lane-Lines/blob/master/test_images/straight_lines1.jpg
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video_input = 'project_video.mp4’
cap = cv2.VideoCapture(video input)
count = 1
while(True):
ret, image = cap.read()
if ret:
undistort_image = undistortImage(image, mix, dist)
cv2.imwrite('original_image/"' + str(count) + '.jpg', undistort_image)
count += 1
else:
break

cap.release()

£ original_image LA, HRIBH LT 6 Mg Tl X 6 My sk
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ORIGINAL IMAGE “WARPED" IMAGE
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733 src_points, dst_points J5, FATHLATLUEH OpenCV Hr it SRR HFE (1)
B #1 cv2.getPerspectiveTransform(src_points, dst points) & H src_points I
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# Step 3 : Warp image based on src_points and dst_points
FHEF TR R R R R R R R R R R
# The type of src_points & dst_points should be like
# np.float32([ [e,8], [16e,280], [206, 380], [300,408]])
def warpImage{image, src_points, dst_points):
image size = (image.shape[1], image.shape[8])
img.shape[@] 728
img.shape[1] 1280

M = cv2.getPerspectiveTransform(src, dst)

# rows

# cols

Minv = cv2.getPerspectiveTransform{dst, src)

warped_image = cv2.warpPerspective(image, M,image_size, flags=cv2.INTER_LINEAR)

return warped_image, M, Minv
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https://github. com/udacity/CarND-Advanced-Lane—-Lines/tree/master/exam

ples/warped straight lines. jpg
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test _distort_image = cwv2.imread( ' test_images/testd.jpg’)

# ENEE

test_undistort_image = undistortImage(test_distort_image, mtx, dist)

# IR R IR

src = np.float32([[588, 46@], [7ee, 468], [1e96, 720], [2ee, 728]])
# L EEE R T A

dst = np.float32([[3ee, o], [95@, ©], [958, 728], [2e@, 728])

test_warp_image, M, Minv = warpImage(test_undistort_image, src, dst)
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B4 —T OpenCV #24L[1) cv2.Sobel() bRk, 4714 3 B 1 S A — 3k
A, BRI GG R RS NAE (HR D, RIEEIELIZME
FEERNEG (HRNO

def absSobelThreshold{img, orient="x', thresh_min=38, thresh_max=188}):

gray = cv2.cvitColor(img, cv2.COLCOR_RGB2GRAY)

if orient == "x':
abs_sobel = np.absolute(cv2.Sobel{gray, cwv2.CV_64F, 1, @)}
if orient == "y’ :

abs_sobel = np.absolute(cv2.Sobel({gray, cv2.CV _64F, @, 1))

scaled_sobel = np.uint8(255*abs_sobel/np.max{abs_sobel))
binary_output = np.zeros_like(scaled_sobel)
binary output[({scaled_sobel »>= thresh_min) & (scaled_sobel <= thresh_max)] = 1

return binary_output
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def hlsLSelect(img, thresh=(220, 255)):
hls = cv2.cvtColor(img, cv2.COLOR BGR2HLS)
hls[:,:,1]

1 channel®(255/np.max{1_channel}))

1 channel

1 channel

binary output = np.zeros_like(1l channel)
binary output[{1l channel > thresh[8]) & (1 channel <= thresh[1])] =1

return binary output
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def labBSelect(img, thresh=({195, 255)):
# 1) Conwvert to LABE color space
lab = cw2.cwtColor(img, cwv2.COLOR_BGR2Lab)
lab b = lab[:,:,2]
# don'"t normalize if there are no yellows in the image
if np.max({lab_b) > 1886:
lab_b = lab_b*(255/np.max{lab_b))
# 2) Apply a threshold to the L channel
binary_output = np.zeros_like(lab_b)
binary_output[({lab_b > thresh[8]) & (lab_b <= thresh[1]))] = 1
# 3) Return a binary image of threshold result

return binary ocutput
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hlsL binary

hlsLSelect(test warp image)

1abB binary = labBSelect(test warp image)

combined binary = np.zeros like(hlsL binary)

combined binary[(hlsL_binary == 1) | (labB_binary == 1)] =1
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# Take a histogram of the bottom half of the image

histogram = np.sum{combined_binary[combined_binary.shape[B]//2:,:], axis=8)
# Create an output image to draw on and visualize the result

out_img = np.dstack((combined binary, combined binary, combined _binary))

# Find the peak of the left and right halves of the histogram

# These will be the starting point for the left and right lines

midpoint = np.int{histogram.shape[8]//2)
leftx_base = np.argmax({histogram[ :midpoint])
rightx_base = np.argmax(histogram[midpoint:]) + midpeoint
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# Step 5 : Detect lane lines through moving window

P S S S S R S S e

def find_lane_pixels(binary_warped, nwindows, margin, minpix):
# Take a histogram of the bottom half of the image
histogram = np.sum({binary_warped[binary_warped.shape[8]//2:,:], axis=8)
# Create an output image to draw on and visualize the result
out_img = np.dstack((binary_warped, binary warped, binary_warped))
# Find the peak of the left and right halves of the histogram
# These will be the starting point for the left and right lines
midpoint = np.int{histogram.shape[0]//2)
leftx base = np.argmax(histogram[:midpoint])

rightx_base = np.argmax{histogram[midpoint:]) + midpoint

# Set height of windows - based on nwindows above and image shape
window height = np.int(binary_warped.shape[8]//nwindows)

# Identify the x and y positions of all nonzero pixels in the image
nonzero = binary warped.nonzero()

nonzeroy = np.array{nonzero[@])}

nonzerox = np.array{nonzero[1])}

# Current positions to be updated later for each window in nwindows

leftx_current = leftx_base

rightx_current = rightx_base
# Create empty lists to receive left and right lane pixel indices

left_lane_inds = []

right lane_inds = []
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# Step through the windows one by one

for window in range(nwindows):

# Identify window boundaries in x and y (and right and left)
win_y low = binary_warped.shape[8] - (window+1)*window_height
win_y high = binary_warped.shape[8] - window®window_height
win_xleft low = leftx current - margin

win_xleft_high = leftx_current + margin

win_xright low = rightx_current - margin

win_xright high = rightx_current + margin

# Draw the windows on the visualization image
cv2.rectangle(out_img, (win_xleft low,win_y low),
(win_xleft_high,win_y high),(8,255,8), 2)
cv2.rectangle(out_img, (win_xright low,win_y low),
{(win_xright_high,win_y high),(8,255,8), 2)

# Identify the nonzero pixels in x and y within the window #
good left inds = ((nonzeroy »= win_y low) & (nonzeroy < win_y high) &

{nonzerox »= win_xleft_low) & (nonzerox < win_xleft_high)).nonzero()[@]

# Append these indices to the lists
left_lane_inds.append{good_left_inds)
right_lane_inds.append{good_right_inds)

# If you found > minpix pixels, recenter next window on their mean position
if len(good left inds) » minpix:

leftx current = np.int(np.mean{nonzerox[good left inds]))
if len({good right inds) » minpix:

rightx_current = np.int(np.mean(nonzerox[good right_inds]))

# Concatenate the arrays of indices (previously was a list of lists of pixels)

try:

left_lane_inds = np.concatenate(left_lane_inds)

right lane_inds = np.concatenate(right_lane_inds)

except ValueError:

# Avoids an error if the above is not implemented fully

pass

# Extract left and right line pixel positions

leftx = nonzerox[left lane inds]
lefty = monzeroy[left lane inds]
rightx = nonzerox[right lane inds]
righty = nonzeroy[right lane inds]

return leftx, lefty, rightx, righty, out img
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def fit_polynomial({binary_warped, nwindows=9, margin=188, minpix=5@):

# Find our lane pixels first
leftx, lefty, rightx, righty, out_img = find_lane_pixels(

binary_warped, nwindows, margin, minpix)
# Fit a second order polynomial to each using “np.polyfit”
left_fit = np.polyfit(lefty, leftx, 2)
right_fit = np.polyfit(righty, rightx, 2)
# Generate x and y values for plotting
ploty = np.linspace(®, binary_ warped.shape[8]-1, binary_ warped.shape[8] )
try:

left_fitx = left_fit[B8]*ploty**2 + left_fit[1l]*ploty + left fit[2]

right fitx = right fit[e]*ploty**2 + right fit[1]*ploty + r
except TypeError:
# Avoids an error if “left’ and “right_fit® are still none
print( " The function failed to fit a line!")
left_fitx = 1*ploty**2 + 1*ploty

right_fitx = 1*ploty**2 + 1*ploty
## Visualization ##
# Colors in the left and right lane regions

255, @, @]

out_dimg[lefty, leftx] = [
out_img[righty, rightx] = [@, ©, 255]

# Plots the left and right polynomials on the lane lines
fplt.plot(left_fitx, ploty., color="yellow")
#Fplt.plot{right_fitx, ploty, color="yellow')

return out_img, left_fit, right_fit, ploty
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# Step 6 : Track lane lines based the latest lane line result
FHHHHHHEERH R
def fit_poly(img_shape, leftx, lefty, rightx, righty):
### TO-DO: Fit a second order polynomial to each with np.polyfit() ###
left_fit = np.polyfit({lefty, leftx, 2)
right_fit = np.polyfit(righty, rightx, 2)
# Generate x and y values for plotting
ploty = np.linspace(®, img shape[8]-1, img shape[8])
### TO-DO: Calc both polynomials using ploty, left_fit and right_fit ###
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left fitx = left_fit[e8]*ploty**2 + left_fit[1]*ploty + left_fit[2]
right_fitx = right_fit[8]*ploty**2 + right_fit[1]*ploty + right_fit[2]

return left fitx, right fitx, ploty, left fit, right fit

search_around_poly(binary_ warped, left fit, right_fit):

# HYPERPARAMETER

# Choose the width of the margin around the previocus polynomial to search
# The guiz grader expects 188 here, but feel free to tune on your own!

margin = 68

# Grab activated pixels
nonzero = binary_warped.nonzero()
nonzeroy = np.array(nconzero[8])

nonzerox = np.array(nonzero[1l])

### TO-DO: Set the area of search based on activated x-values ###
### within the +/- margin of our polynomial function ###
### Hint: consider the window areas for the similarly named variables ###

### in the previous quiz, but change the windows to our new search area ###

left _lane inds = ((nonzerox » (left fit[8]*(nonzeroy**2) + left fit[1]*nonzeroy +
left _fit[2] - margin)) & (nonzerox < (left _fit[@8]*(nonzeroy**2) +
left fit[1]*nonzeroy + left fit[2] + margin)))

right lane inds = ((nonzerox » (right fit[8]*(nonzeroy**2) + right fit[1]*nonzero
right fit[2] - margin)) & (nonzerox < {(right fit[@]*(nonzeroy**2)
right_fit[1]*nonzeroy + right fit[2] + margin)))

# Again, extract left and right line pixel positions
leftx = nonzerox[left_lane_inds]
lefty

rightx = nonzerox[right_lane_inds]

nonzeroy[left lane inds]

righty = nonzeroy[right lane inds]

# Fit new polynomials

left_fitx, right_fitx, ploty, left_fit, right_fit = fit_poly({binary_warped.shape,

## Visualization ##

# Create an image to draw on and an image to show the selection window
out_img = np.dstack{{binary_warped, binary_warped, binary_warped))*®255
window_img = np.zeros_like(out_img)

# Color in left and right line pixels

out_img[nonzeroy[left_lane inds], nonzerox[left lane inds]] = [255, @, 8]

out_img[nonzeroy[right lane inds], nonzerox[right lane inds]] = [®, @, 255]

# Generate a polygon to illustrate the search window area

# And recast the x and y points into usable format for cv2.fillPoly()

left_line _windowl = np.array([np.transpose(np.vstack([left_fitx-margin, ploty]))]
left line window2 = np.array([np.flipud(np.transpose(np.vstack([left fitx+margin,

ploty]}))1)
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left _line pts = np.hstack({(left_line windowl, left _line window2})

right line windowl = np.array({[np.transpose(np.vstack([right fitx-margin, ploty])

right_line window2 = np.array([np.flipud(np.transpose(np.vstack([right_fitx+margi
ploty]))) 1)

right line pts = np.hstack({right line windowl, right line window2}}

# Draw the lane onto the warped blank image
cv2.tillPoly{window_img, np.int_([left line pts]), (8,255, 8)})
cv2.fillPoly{window_img, np.int_([right_line pts]), (8,255, B))

result = cv2.addWeighted(out_img, 1, window_img, 8.3, 8)

# Plot the polynomial lines onto the image
#plt.plot(left_fitx, ploty, color="yellow')
#plt.plot(right_fitx, ploty, color="yellow')

## End visualization steps ##

return result, left fit, right fit, ploty
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M = cv2.getPerspectiveTransform(src, dst)

Minv = cv2.getPerspectiveTransform{dst, src)
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# Step 8 : Draw lane line result on undistorted image

def drawing{undist, bin_warped, color_warp, left fitx, right fitx):
# Create an image to draw the lines on
warp_zero = np.zeros_like(bin_warped).astype(np.uintg)

color_warp = np.dstack(({warp_zero, warp_zerc, warp_zero))

# Recast the x and y points into usable format for cv2.fillPoly()

pts_left = np.array([np.transpose(np.vstack([left_fitx, ploty]))])

pts_right = np.array([np.flipud{np.transpose(np.vstack([right_fitx, ploty]})}])
pts = np.hstack({pts_left, pts_right))

# Draw the lane onto the warped blank image

cv2.fillPoly(color_warp, np.int_([pts]), (8,255, @))

# Warp the blank back to original image space using inverse perspective matrix (M
newwarp = cv2.warpPerspective(color_warp, Minv, (undist.shape[1], undist.shape[8]
# Combine the result with the original image

result = cv2.addWeighted(undist, 1, newwarp, 8.3, 8)

return result
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nx = 9
ny = 6

ret, mtx, dist, rwvecs, tvecs = getCameraCalibrationCoefficients('camera_cal/calibrati

src

np.float32([[588, 460], [786, 460], [18956, 728], [280, 728]])
dst = np.float32([[3@8, ©], [958, ©], [958, 720], [380, 728]])

video_input = 'project_wvideo.mp4d’

video output = ‘result video.mp4’

cap = cv2.VideoCapture(video_input)

fourcc = cv2.VideoWriter fourcc(*'XVID")

out = cv2.VideoWriter(video_output, fourcc, 28.9, (1288, 728))

detected = False

while(True):
ret, image = cap.read()
if ret:
undistort_image = undistortImage(image, mtx, dist)
warp_image, M, Minv = warpImage(undistort_image, src, dst)

hlsL binary

hlslLSelect({warp_image)

labB_binary = labBSelect(warp_image, (285, 255))
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combined binary = np.zeros_ like(sx binary)
combined binary[(hlsL_binary == 1) | (labB_binary == 8)] =
Ieft it = []
right fit = []
ploty = []
if detected == False:
out_img, left fit, right fit, ploty = fit_polynomial(combined binary, nwi
if (len(left fit) > 8 & len(right fit) > @)
detected = True
else :
detected = False
else:
track_result, left_fit, right fit, ploty, = search_around_poly{combined_
if (len(left fit) » 8 & len(right_fit) > &)
detected = True
else :

detected = False
result = drawing(undistort_image, combined binary, warp_image, left fitx, rig

out.write(result)

else:

break

cap.release()

out.release()
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