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HiE u Ml v FEIX B R ARME, AEFEATEL Lucas-Kanade 77 V8 &/ —3vE R H u,
-1
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1. ERRBRRNY

# import the necessary packages

from scipy.spatial import distance as dist
import numpy as np

import cv2

def order points(pts):
# sort the points based on their x-coordinates
xSorted = pts[np.argsort(pts[:, 0]), :]

# grab the left-most and right-most points from the sorted
# x-roodinate points

leftMost = xSorted[:2, :]

rightMost = xSorted[2:, :]

# now, sort the left-most coordinates according to their

# y-coordinates so we can grab the top-left and bottom-left
# points, respectively

leftMost = leftMost[np.argsort(leftMost[:, 1]), :]

(tl, bl) = leftMost

# now that we have the top-left coordinate, use it as an
# anchor to calculate the Euclidean distance between the
# top-left and right-most points; by the Pythagorean

# theorem, the point with the largest distance will be

# our bottom-right point

D = dist.cdist(tl[np.newaxis], rightMost, "euclidean")[0]
(br, tr) = rightMost[np.argsort(D)[::-1], :]

# return the coordinates in top-left, top-right,
# bottom-right, and bottom-left order
return np.array([tl, tr, br, bl], dtype="float32")

def four point_transform(image, pts):
# obtain a consistent order of the points and unpack them
# individually
# rect = order_points(pts)
rect = np.array([pts[3], pts[0], pts[1], pts[2]], dtype=np.float32)
(tl, tr, br, bl) = rect
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# compute the width of the new image, which will be the

# maximum distance between bottom-right and bottom-left

# x-coordiates or the top-right and top-left x-coordinates
widthA = np.sqrt(((br[0] - bI[0]) ** 2) + ((br[1] - bI[1]) ** 2))
widthB = np.sqrt(((tr[0] - t1[0]) ** 2) + ((tr[1] - tI[1]) ** 2))
maxWidth = max(int(widthA), int(widthB))

# compute the height of the new image, which will be the

# maximum distance between the top-right and bottom-right
# y-coordinates or the top-left and bottom-left y-coordinates
heightA = np.sqrt(((tr[0] - br[0]) ** 2) + ((tr[1] - br[1]) ** 2))
heightB = np.sqrt(((tl[0] - bI[0]) ** 2) + ((t][1] - bI[1]) ** 2))
maxHeight = max(int(heightA), int(heightB))

# now that we have the dimensions of the new image, construct
# the set of destination points to obtain a "birds eye view",
# (i.e. top-down view) of the image, again specifying points
# in the top-left, top-right, bottom-right, and bottom-left
# order
dst = np.array([
[0, 0],
[maxWidth - 1, 0],
[maxWidth - 1, maxHeight - 1],
[0, maxHeight - 1]], dtype="float32")

# compute the perspective transform matrix and then apply it
M = cv2.getPerspectiveTransform(rect, dst)
warped = cv2.warpPerspective(image, M, (maxWidth, maxHeight))

# return the warped image
return warped

# USAGE:
# python scan.py (--images <IMG_DIR> | --image <IMG_PATH>) [-i]
# For example, to scan a single image with interactive mode:

# python scan.py --image sample images/desk.JPG -i

# To scan all images in a directory automatically:

# python scan.py --images sample_images

# Scanned images will be output to directory named 'output'

from pyimagesearch import transform

from pyimagesearch import imutils

from scipy.spatial import distance as dist

39



from matplotlib.patches import Polygon
import polygon_interacter as poly_i
import numpy as np

import matplotlib.pyplot as plt

import itertools

import math

import cv2

import argparse
import os

class DocScanner(object):

mnmn

"""An image scanner

def _init (self, interactive=False, MIN_ QUAD AREA RATIO=0.25, MAX QUAD ANGLE RANGE=
40):
Args:
interactive (boolean): If True, user can adjust screen contour before
transformation occurs in interactive pyplot window.
MIN _QUAD_ AREA RATIO (float): A contour will be rejected if its corners
do not form a quadrilateral that covers at least MIN. QUAD AREA_ RATIO
of the original image. Defaults to 0.25.
MAX QUAD ANGLE RANGE (int): A contour will also be rejected if the range
of its interior angles exceeds MAX QUAD_ ANGLE RANGE. Defaults to 40.
self.interactive = interactive
selft MIN QUAD AREA RATIO = MIN QUAD AREA RATIO
selft MAX QUAD ANGLE RANGE =MAX QUAD ANGLE RANGE

def filter corners(self, corners, min_dist=20):
"""Filters corners that are within min_dist of others"""

def predicate(representatives, corner):
return all(dist.euclidean(representative, corner) >= min_dist

for representative in representatives)

filtered corners = []
for ¢ in corners:
if predicate(filtered corners, c):
filtered corners.append(c)

return filtered corners

def angle between vectors degrees(self, u, v):

nmn

"""Returns the angle between two vectors in degrees

40



return np.degrees(

math.acos(np.dot(u, v) / (np.linalg.norm(u) * np.linalg.norm(v))))

def get_angle(self, p1, p2, p3):
Returns the angle between the line segment from p2 to p1l
and the line segment from p2 to p3 in degrees
a = np.radians(np.array(p1))
b = np.radians(np.array(p2))
¢ = np.radians(np.array(p3))

avec=a-b

cvec=c-b

return self.angle between vectors degrees(avec, cvec)

def angle range(self, quad):
Returns the range between max and min interior angles of quadrilateral.
The input quadrilateral must be a numpy array with vertices ordered clockwise
starting with the top left vertex.
tl, tr, br, bl = quad
ura = self.get _angle(tl[0], tr[0], br[0])
ula = self.get_angle(bl[0], t1[0], tr[0])
Ira = self.get _angle(tr[0], br[0], bl[0])
lla = self.get_angle(br[0], bl[0], t][0])

angles = [ura, ula, Ira, lla]

return np.ptp(angles)

def get_corners(self, img):
Returns a list of corners ((x, y) tuples) found in the input image. With proper
pre-processing and filtering, it should output at most 10 potential corners.
This is a utility function used by get contours. The input image is expected
to be rescaled and Canny filtered prior to be passed in.
Isd = cv2.createLineSegmentDetector()
lines = Isd.detect(img)[0]

# massages the output from LSD
# LSD operates on edges. One "line" has 2 edges, and so we need to combine the edges back into lines
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# 1. separate out the lines into horizontal and vertical lines.

# 2. Draw the horizontal lines back onto a canvas, but slightly thicker and longer.
# 3. Run connected-components on the new canvas

# 4. Get the bounding box for each component, and the bounding box is final line.
# 5. The ends of each line is a corner

# 6. Repeat for vertical lines

# 7. Draw all the final lines onto another canvas. Where the lines overlap are also corners

corners = []
if lines is not None:
# separate out the horizontal and vertical lines, and draw them back onto separate canvases
lines = lines.squeeze().astype(np.int32).tolist()
horizontal lines_canvas = np.zeros(img.shape, dtype=np.uint8)
vertical lines canvas = np.zeros(img.shape, dtype=np.uint8)
for line in lines:
x1,y1,x2, y2 =line
if abs(x2 - x1) > abs(y2 - y1):
(x1, yl), (x2, y2) = sorted(((x1, y1), (x2, y2)), key=lambda pt: pt[0])
cv2.line(horizontal lines canvas, (max(x1 - 5, 0), y1), (min(x2 + 5, img.shape[1] - 1), y2), 255, 2)
else:
(x1, yl), (x2, y2) = sorted(((x1, y1), (x2, y2)), key=lambda pt: pt[1])
cv2.line(vertical lines_canvas, (x1, max(y1 - 5, 0)), (x2, min(y2 + 5, img.shape[0] - 1)), 255, 2)

lines =[]

# find the horizontal lines (connected-components -> bounding boxes -> final lines)
contours = cv2.findContours(horizontal lines canvas, cv2.RETR _EXTERNAL, cv2.CHAIN_APPRO
X NONE)
contours = contours[ 1]
contours = sorted(contours, key=lambda c: cv2.arcLength(c, True), reverse=True)[:2]
horizontal lines_canvas = np.zeros(img.shape, dtype=np.uint8)
for contour in contours:
contour = contour.reshape((contour.shape[0], contour.shape[2]))
min_x = np.amin(contour|:, 0], axis=0) + 2
max_x = np.amax(contour[:, 0], axis=0) - 2
left y = int(np.average(contour[contour[:, 0] == min_x][:, 1]))
right_y = int(np.average(contour[contour[:, 0] == max_x][:, 1]))
lines.append((min_x, left y, max_x, right y))
cv2.line(horizontal lines canvas, (min_x, left y), (max_x, right y), 1, 1)
corners.append((min_x, left y))
corners.append((max_x, right y))

# find the vertical lines (connected-components -> bounding boxes -> final lines)

contours = cv2.findContours(vertical lines_canvas, cv2.RETR_EXTERNAL, cv2.CHAIN APPROX
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NONE)
contours = contours[1]
contours = sorted(contours, key=lambda c: cv2.arcLength(c, True), reverse=True)[:2]
vertical lines canvas = np.zeros(img.shape, dtype=np.uint8)
for contour in contours:
contour = contour.reshape((contour.shape[0], contour.shape[2]))
min_y = np.amin(contour|:, 1], axis=0) + 2
max_y = np.amax(contour(:, 1], axis=0) - 2
top_x = int(np.average(contour[contour|:, 1] == min_y][:, 0]))
bottom_x = int(np.average(contour[contour[:, 1] == max_y][:, 0]))
lines.append((top_x, min_y, bottom_x, max_y))
cv2.line(vertical lines_canvas, (top_x, min_y), (bottom_x, max_y), 1, 1)
corners.append((top_x, min_y))

corners.append((bottom_x, max_y))

# find the corners
corners_y, corners_x = np.where(horizontal lines canvas + vertical lines_canvas == 2)

corners += zip(corners_Xx, corners_y)

# remove corners in close proximity
corners = self.filter corners(corners)

return corners

def'is_valid contour(self, cnt, IM_WIDTH, IM_HEIGHT):
"""Returns True if the contour satisfies all requirements set at instantitation"""
return (len(cnt) == 4 and cv2.contourArea(cnt) > IM_WIDTH * IM_HEIGHT * selt MIN_ QUAD_AREA
_RATIO
and self.angle range(cnt) < selt MAX QUAD ANGLE RANGE)

def get_contour(self, rescaled image):
i
Returns a numpy array of shape (4, 2) containing the vertices of the four corners
of the document in the image. It considers the corners returned from get corners()
and uses heuristics to choose the four corners that most likely represent
the corners of the document. If no corners were found, or the four corners represent

a quadrilateral that is too small or convex, it returns the original four corners.

# these constants are carefully chosen

MORPH =9
CANNY =84
HOUGH =25
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IM_HEIGHT, IM_WIDTH, =rescaled image.shape

# convert the image to grayscale and blur it slightly
gray = cv2.cvtColor(rescaled image, cv2.COLOR BGR2GRAY)
gray = c¢v2.GaussianBlur(gray, (7, 7), 0)

# dilate helps to remove potential holes between edge segments
kernel = cv2.getStructuringElement(cv2.MORPH_RECT, (MORPH, MORPH))
dilated = cv2.dilate(gray, kernel)

# find edges and mark them in the output map using the Canny algorithm
edged = cv2.Canny(dilated, 0, CANNY)

test_corners = self.get corners(edged)

approx_contours = []

if len(test_corners) >= 4:
quads =[]

for quad in itertools.combinations(test_corners, 4):
points = np.array(quad)
points = transform.order points(points)
points = np.array([[p] for p in points], dtype="int32")
quads.append(points)

# get top five quadrilaterals by area

quads = sorted(quads, key=cv2.contourArea, reverse=True)[:5]

# sort candidate quadrilaterals by their angle range, which helps remove outliers
quads = sorted(quads, key=self.angle range)

approx = quads[0]
if self.is_valid_contour(approx, IM_WIDTH, IM_HEIGHT):

approx_contours.append(approx)

# for debugging: uncomment the code below to draw the corners and countour found

# by get_corners() and overlay it on the image

# cv2.drawContours(rescaled _image, [approx], -1, (20, 20, 255), 2)
# plt.scatter(*zip(*test_corners))

# plt.imshow(rescaled image)

# plt.show()

# also attempt to find contours directly from the edged image, which occasionally

# produces better results
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(_, cnts, hierarchy) = cv2.findContours(edged.copy(), cv2.RETR_EXTERNAL, cv2.CHAIN_APPROX
SIMPLE)

cnts = sorted(cnts, key=cv2.contourArea, reverse=True)[:5]

# loop over the contours
for ¢ in cnts:
# approximate the contour
approx = cv2.approxPolyDP(c, 80, True)
if self.is_valid_contour(approx, IM_WIDTH, IM_HEIGHT):
approx_contours.append(approx)
break

# If we did not find any valid contours, just use the whole image
if not approx_contours:
TOP_RIGHT = (IM_WIDTH, 0)
BOTTOM_RIGHT = (IM_WIDTH, IM_HEIGHT)
BOTTOM_LEFT = (0, IM_HEIGHT)
TOP_LEFT = (0, 0)
screenCnt = np.array([[TOP_RIGHT], [BOTTOM_RIGHT], [BOTTOM LEFT], [TOP_LEFTT])

else:

screenCnt = max(approx_contours, key=cv2.contourArea)
return screenCnt.reshape(4, 2)

def interactive get contour(self, screenCnt, rescaled image):
poly = Polygon(screenCnt, animated=True, fill=False, linewidth=1)
fig, ax = plt.subplots()
ax.add_patch(poly)
# ax.set_title(('Drag the corners of the box to the corners of the document. \n'
# 'Close the window when finished."))
p = poly_i.PolygonlInteractor(ax, poly)
plt.imshow(rescaled image]..., ::-1])
# plt.plot([17], [1470], 'bo")
plt.show()

new_points = p.get_poly points()[:4]
new_points = np.array([[p] for p in new_points], dtype="int32")
return new_points.reshape(4, 2)

def scan(self, image path):

# RESCALED HEIGHT = 500.0
OUTPUT _DIR = "output'
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# load the image and compute the ratio of the old height
# to the new height, clone it, and resize it
image = cv2.imread(image path)

assert(image is not None)

# ratio = image.shape[0] / RESCALED HEIGHT
# orig = image.copy()
# rescaled_image = imutils.resize(image, height=int(RESCALED HEIGHT))

# get the contour of the document

# screenCnt = self.get _contour(rescaled_image)

# screenCnt = self.get contour(image)

screenCnt = np.array([[200, 20], [200, 200], [20, 200], [20, 20]])
# screenCnt = np.array([[590, 697],

# [1495, 1076],
# [470, 1079],
# [13, 706]]

# )

if self.interactive:

# screenCnt = self.interactive _get contour(screenCnt, rescaled_image)
screenCnt = self.interactive_get contour(screenCnt, image)

print(screenCnt)

# apply the perspective transformation
# warped = transform.four point_transform(orig, screenCnt * ratio)
warped = transform.four_point_transform(image, screenCnt)

# # convert the warped image to grayscale
# gray = cv2.cvtColor(warped, cv2.COLOR_BGR2GRAY)

# # sharpen image
# sharpen = cv2.GaussianBlur(gray, (0,0), 3)
# sharpen = cv2.addWeighted(gray, 1.5, sharpen, -0.5, 0)

# # apply adaptive threshold to get black and white effect
# thresh = cv2.adaptiveThreshold(sharpen, 255, cv2. ADAPTIVE THRESH GAUSSIAN C, cv2.THRES
H BINARY, 21, 15)

# save the transformed image
basename = os.path.basename(image path)
# cv2.imwrite(OUTPUT _DIR + '/' + basename, thresh)
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cv2.imwrite(OUTPUT_DIR +'/' + basename, warped)
print("Proccessed " + basename)
if name ==" main_ ":
ap = argparse.ArgumentParser()
group = ap.add_mutually exclusive group(required=True)
group.add_argument("--images", help="Directory of images to be scanned")
group.add_argument("--image", help="Path to single image to be scanned")

H_i"

ap.add_argument("-1", action='store_true',

help="Flag for manually verifying and/or setting document corners")

args = vars(ap.parse_args())
im_dir = args["images" |
im_file path = args["image"]

interactive_mode = args["1"]

scanner = DocScanner(interactive_mode)

nn n"non;: nn

valid formats = [".jpg", ".jpeg", ".jp2", ".png", ".bmp", "tiff", ".tif"]

def get_ext(f): return os.path.splitext(f)[1].lower()

# Scan single image specified by command line argument --image <IMAGE PATH>
if im_file path:

scanner.scan(im_file path)

# Scan all valid images in directory specified by command line argument --images <IMAGE DIR>
else:
im_files = [f for f in os.listdir(im_dir) if get ext(f) in valid_formats]
for im in im_files:
scanner.scan(im_dir +'/' + im)
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2. GRS

import cv2
import numpy as np
import matplotlib.pyplot as plt

img = cv2.imread("/Users/haonan/Zs 1 3/ £ 2% EEA5/2019 47w B 70 A2 205 S5 5w SR 2880/ C. R/ P4/ I
4.png", 0)

img = cv2.GaussianBlur(img, (3, 3), 0)

canny = cv2.Canny(img, 50, 100)
plt.imsave(‘output.png', canny, cmap='gray")
plt.imshow(canny, cmap='gray")

plt.show()

3. MBI

import numpy as np
import cv2

# cap = cv2.VideoCapture('/Users/haonan/ A< b SC A/ £ 2 G 451/2019 4F r (B i 58 A H s AR Se 2838/ C Y/
BEAF/ e AHLAEE FE_crop.mp4)

# params for ShiTomasi corner detection

feature params = dict(maxCorners=100,
qualityLevel=0.3,
minDistance=7,
blockSize=7)

# Parameters for lucas kanade optical flow
Ik _params = dict(winSize=(15, 15),
maxLevel=2,
criteria=(cv2.TERM_CRITERIA_EPS | cv2.TERM_CRITERIA_ COUNT, 10, 0.03))

# Create some random colors
color = np.random.randint(0, 255, (100, 3))

# Take first frame and find corners in it
# ret, old_frame = cap.read()
old_frame = cv2.imread('/Users/haonan/workspace/frameExtract/frame/JC AMLAAEE_crop.mp4/1920.jpg')

old gray = cv2.cvtColor(old_frame, cv2.COLOR_BGR2GRAY)
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p0 = cv2.goodFeaturesToTrack(old gray, mask=None, **feature params)

# Create a mask image for drawing purposes
mask = np.zeros_like(old frame)

#idx=0

# while(True):

for idx in range(1921, 1941):
# ret, frame = cap.read()
frame = cv2.imread('/Users/haonan/workspace/frameExtract/frame/JC A HL4A ) [ crop.mp4/%d.jpg' % idx)
frame gray = cv2.cvtColor(frame, cv2.COLOR _BGR2GRAY)

# calculate optical flow

pl, st, err = cv2.calcOpticalFlowPyrLK(old gray, frame gray, p0, None, **1k params)

# Select good points
good new = pl[st==1]
good_old = pO[st == 1]

# draw the tracks
for 1, (new, old) in enumerate(zip(good new, good old)):
a, b = new.ravel()
¢, d = old.ravel()
mask = cv2.line(mask, (a, b), (c, d), color[i].tolist(), 2)
frame = cv2.circle(frame, (a, b), 5, color[i].tolist(), -1)
img = cv2.add(frame, mask)

cv2.imwrite('./frames/%d.png' % idx, img)
#idx +=1

# cv2.imshow('frame', img)

# k = cv2.waitKey(30) & 0xff
#ifk==27:

# break

# Now update the previous frame and previous points
old gray = frame_gray.copy()
p0 = good_new.reshape(-1, 1, 2)

cv2.destroyAllWindows()

# cap.release()
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4. DI AR

import cv2
import 0s

def grabFrame(timelnterval, fileName, videoPath):
# BEIHLA
cap = cv2.VideoCapture(videoPath)
print(cap.isOpened())
if(cap.isOpened()):
# SR
frameCount = cap.get(cv2.CAP_PROP_FRAME COUNT)
print(" ML %d" % frameCount)
# SREIER
fps = cap.get(cv2.CAP_PROP_FPS)
print("MIZ: %d" % fps)
os.mkdir("frame/" + str(fileName))
for i in range(0, int(frameCount)):
# BB WAL E
# cap.set(cv2.CAP_PROP_POS FRAMES, i*fps*timelnterval)
# isRead J& 3 LUK L)
isRead, frame = cap.read()
if isRead:
cv2.imwrite("frame/" + str(fileName) + "/" + str(i) + ".jpg", frame)
cap.release()
if name ==' main "
dir_root = r'video'
files = os.listdir(dir_root)
files.sort()
for path in files:
filepath = os.path.join(dir_root, path)
print(filepath)
grabFrame(1, path, filepath)
print("done!")
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5. RIRTAR R

# Copyright UCL Business plc 2017. Patent Pending. All rights reserved.

#

# The MonoDepth Software is licensed under the terms of the UCLB ACP-A licence
# which allows for non-commercial use only, the full terms of which are made

# available in the LICENSE file.

#

# For any other use of the software not covered by the UCLB ACP-A Licence,

# please contact info@uclb.com

from  future  import absolute import, division, print_function

# only keep warnings and errors
import os
os.environ['TF_CPP_MIN LOG LEVEL'=0'

import numpy as np

import argparse

import re

import time

import tensorflow as tf

import tensorflow.contrib.slim as slim
import scipy.misc

import matplotlib.pyplot as plt

from monodepth_model import *
from monodepth_dataloader import *

from average gradients import *
parser = argparse.ArgumentParser(description="Monodepth TensorFlow implementation.")

parser.add argument(’--encoder’, type=str, help="type of encoder, vgg or resnet50', default="vgg')
parser.add argument('--image path',  type=str, help="path to the image', required=True)

parser.add _argument('--

checkpoint_path', type=str, help="path to a specific checkpoint to load', required=True)

parser.add _argument('--input_height', type=int, help="input height', default=256)

parser.add argument('--input_width',  type=int, help="input width', default=512)

args = parser.parse_args()

def post_process_disparity(disp):
_,h, w=disp.shape
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1 disp = disp[0,:,:]

r_disp = np.fliplr(disp[1,:,:])

m_disp = 0.5 * (1_disp +r_disp)

1, =np.meshgrid(np.linspace(0, 1, w), np.linspace(0, 1, h))

1 mask = 1.0 - np.clip(20 * (1- 0.05), 0, 1)

r_mask = np.fliplr(l_mask)

return r_mask * 1 disp +1 mask * r_disp + (1.0 - | mask - r mask) * m_disp

def test_simple(params):

nman

"""Test function.

left = tf.placeholder(tf.float32, [2, args.input_height, args.input_width, 3])
model = MonodepthModel(params, "test", left, None)

input_image = scipy.misc.imread(args.image path, mode="RGB")

original height, original width, num_channels = input_image.shape

input_image = scipy.misc.imresize(input_image, [args.input_height, args.input_width], interp="lanczos")
input_image = input_image.astype(np.float32) / 255

input_images = np.stack((input_image, np.fliplr(input_image)), 0)

# SESSION
config = tf.ConfigProto(allow_soft placement=True)

sess = tf.Session(config=config)

# SAVER

train_saver = tf.train.Saver()

# INIT

sess.run(tf.global variables_initializer())

sess.run(tf.local variables_initializer())

coordinator = tf.train.Coordinator()

threads = tf.train.start_queue runners(sess=sess, coord=coordinator)

# RESTORE
restore_path = args.checkpoint_path.split(".")[0]
train_saver.restore(sess, restore_path)

disp = sess.run(model.disp_left est[0], feed dict={left: input_images})
disp_pp = post_process_disparity(disp.squeeze()).astype(np.float32)

output_directory = os.path.dirname(args.image path)
output_name = os.path.splitext(os.path.basename(args.image path))[0]

np.save(os.path.join(output_directory, "{} disp.npy".format(output name)), disp_pp)
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disp_to_img = scipy.misc.imresize(disp_pp.squeeze(), [original height, original width])
plt.imsave(os.path.join(output_directory, "{} disp.png".format(output name)), disp_to_img, cmap="plasma')

print('done!")
def main(_):

params = monodepth _parameters(
encoder=args.encoder,
height=args.input_height,
width=args.input_width,
batch_size=2,
num_threads=1,
num_epochs=1,
do_stereo=False,
wrap_mode="border",
use_deconv=False,
alpha_image loss=0,
disp_gradient_loss weight=0,
Ir_loss weight=0,
full summary=False)

test_simple(params)
if name ==' main_ "

tf.app.run()

# Copyright UCL Business plc 2017. Patent Pending. All rights reserved.

#

# The MonoDepth Software is licensed under the terms of the UCLB ACP-A licence
# which allows for non-commercial use only, the full terms of which are made

# available in the LICENSE file.

#

# For any other use of the software not covered by the UCLB ACP-A Licence,

# please contact info@uclb.com

"""Fully convolutional model for monocular depth estimation
by Clement Godard, Oisin Mac Aodha and Gabriel J. Brostow
http://visual.cs.ucl.ac.uk/pubs/monoDepth/

nmn

from future importabsolute import, division, print_function
from collections import namedtuple
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import numpy as np
import tensorflow as tf

import tensorflow.contrib.slim as slim
from bilinear sampler import *

monodepth_parameters = namedtuple('parameters',
'encoder, '
'height, width, '
'batch_size, '
'num_threads, '
'mum_epochs, '
'do_stereo, '
'wrap_mode, '
'use_deconv, '
'alpha_image loss, "'
'disp_gradient_loss_weight, '
'Ir_loss weight, '
'full_summary')

class MonodepthModel(object):

mnmnn

monodepth model"""

def init (self, params, mode, left, right, reuse_variables=None, model index=0):
self.params = params
self.mode = mode
self.left = left
self.right = right

self.model_collection = ['model '+ str(model index)]
self.reuse_variables = reuse_variables

self.build _model()
self.build_outputs()

if self. mode == "test":

return

self.build _losses()

self.build summaries()

def gradient_x(self, img):
gx =1img[:,:,:-1,:] - img[:,:,1:,:]
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return gx

def gradient_y(self, img):
gy =img[:,:-1,.,:] - img[:,1:,:,:]
return gy

def upsample nn(self, x, ratio):
s = tf.shape(x)
h=s[1]
w =5[2]

return tf.image.resize nearest neighbor(x, [h * ratio, w * ratio])

def scale pyramid(self, img, num_scales):
scaled imgs = [img]
s = tf.shape(img)
h=s[1]
w =s5[2]
for 1 in range(num_scales - 1):
ratio =2 ** (i+ 1)
nh =h // ratio
nw = w // ratio
scaled imgs.append(tf.image.resize area(img, [nh, nw]))
return scaled_imgs

def generate image left(self, img, disp):
return bilinear _sampler 1d_h(img, -disp)

def generate image right(self, img, disp):
return bilinear_sampler 1d_h(img, disp)

def SSIM(self, x, y):
C1=0.01**2
C2=0.03 **2

mu_x = slim.avg_pool2d(x, 3, 1, 'VALID")
mu_y = slim.avg_pool2d(y, 3, 1, "VALID')

sigma_x = slim.avg_pool2d(x ** 2, 3, 1, 'VALID') - mu_x ** 2
sigma_y = slim.avg pool2d(y ** 2, 3, 1, 'VALID') - mu_y ** 2

sigma_xy = slim.avg_pool2d(x *y, 3, 1, 'VALID') - mu_x * mu_y

SSIM n=2 *mu_x *mu_y+ C1) * (2 * sigma_xy + C2)
SSIM_d=(mu_x ** 2+ mu_y ** 2 + Cl) * (sigma_x + sigma_y + C2)
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SSIM = SSIM _n/SSIM _d

return tf.clip_by value((1 - SSIM) /2,0, 1)

def get_disparity smoothness(self, disp, pyramid):
disp_gradients_x = [self.gradient_x(d) for d in disp]
disp_gradients_y = [self.gradient_y(d) for d in disp]

image gradients x = [self.gradient x(img) for img in pyramid]
image gradients_y = [self.gradient y(img) for img in pyramid]

weights_x = [tf.exp(-tf.reduce _mean(tf.abs(g), 3, keep_dims=True)) for g in image gradients x|
weights_y = [tf.exp(-tf.reduce mean(tf.abs(g), 3, keep_dims=True)) for g in image gradients_y]

smoothness x = [disp_gradients x[i] * weights x[i] for i in range(4)]
smoothness y = [disp_gradients y[i] * weights_y[i] for i in range(4)]

return smoothness X + smoothness_y

def get_disp(self, x):
disp = 0.3 * self.conv(x, 2, 3, 1, tf.nn.sigmoid)
return disp

def conv(self, x, num_out_layers, kernel size, stride, activation_fn=tf.nn.clu):
p = np.floor((kernel size - 1) / 2).astype(np.int32)
p_x = tf.pad(x, [[0, 0], [p, p], [p, p], [0, 0]])
return slim.conv2d(p_x, num_out_layers, kernel_size, stride, "VALID', activation_fn=activation fn)

def conv_block(self, x, num_out _layers, kernel size):
convl =self.conv(x, num_out layers, kernel size, 1)
conv2 = self.conv(convl, num_out layers, kernel_size, 2)

return conv2

def maxpool(self, x, kernel size):
p = np.floor((kernel_size - 1) / 2).astype(np.int32)
p_x = tf.pad(x, [[0, 0], [p, p], [p, p], [0, O]])
return slim.max_pool2d(p_x, kernel size)

def resconv(self, x, num_layers, stride):
do_proj = tf.shape(x)[3] != num_layers or stride == 2
shortcut = []
convl = self.conv(x, num_layers, 1, 1)
conv2 = self.conv(convl, num_layers, 3, stride)
conv3 = self.conv(conv2, 4 * num_layers, 1, 1, None)
if do_proj:
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shortcut = self.conv(x, 4 * num_layers, 1, stride, None)
else:
shortcut = x

return tf.nn.elu(conv3 + shortcut)

def resblock(self, x, num_layers, num_blocks):
out =x
for i in range(num_blocks - 1):
out = self.resconv(out, num_layers, 1)
out = self.resconv(out, num_layers, 2)

return out

def upconv(self, x, num_out layers, kernel_size, scale):
upsample = self.upsample nn(x, scale)
conv = self.conv(upsample, num_out_layers, kernel size, 1)

return conv

def deconv(self, x, num_out_layers, kernel_size, scale):
p_x = tf.pad(x, [[0, 0], [1, 1], [1, 1], [O, O]])
conv = slim.conv2d_transpose(p_x, num_out layers, kernel size, scale, 'SAME")
return conv[:,3:-1,3:-1,:]

def build_vgg(self):
#set convenience functions
conv = self.conv
if self.params.use deconv:
upconv = self.deconv
else:

upconv = self.upconv

with tf.variable scope('encoder’):
convl = self.conv_block(self.model_input, 32, 7) # H/2

conv2 = self.conv_block(convl, 64, 5) # H/4
conv3 = self.conv_block(conv2, 128, 3)# H/8
conv4 = self.conv_block(conv3, 256, 3)# H/16
conv5 = self.conv_block(conv4, 512,3)# H/32
convo6 = self.conv_block(conv5, 512, 3) # H/64
conv7 = self.conv_block(conv6, 512,3) #H/128

with tf.variable scope('skips'):
skipl = convl
skip2 = conv2
skip3 = conv3
skip4 = conv4

57



skip5 = conv5
skip6 = conv6

with tf.variable scope('decoder’):
upconv7 = upconv(conv7, 512, 3, 2) #H/64
concat7 = tf.concat([upconv?7, skip6], 3)
iconv7 = conv(concat7, 512, 3, 1)

upconv6 = upconv(iconv7, 512, 3, 2) #H/32
concat6 = tf.concat([upconvo, skip5], 3)
iconv6 = conv(concat6, 512, 3, 1)

upconvS = upconv(iconvo, 256, 3, 2) #H/16
concat5 = tf.concat([upconv5, skip4], 3)

iconv5 = conv(concat5, 256, 3, 1)

upconv4 = upconv(iconvs, 128, 3, 2) #H/8
concat4 = tf.concat([upconv4, skip3], 3)
iconv4 = conv(concat4, 128, 3, 1)
self.disp4 = self.get disp(iconv4)

udisp4 = self.upsample nn(self.disp4, 2)

upconv3 = upconv(iconv4, 64, 3, 2) #H/4
concat3 = tf.concat([upconv3, skip2, udisp4], 3)
iconv3 = conv(concat3, 64,3, 1)

self.disp3 = self.get_disp(iconv3)

udisp3 = self.upsample nn(self.disp3, 2)

upconv2 = upconv(iconv3, 32, 3, 2) #H/2
concat2 = tf.concat([upconv2, skip1, udisp3], 3)
iconv2 = conv(concat2, 32,3, 1)

self.disp2 = self.get disp(iconv2)

udisp2 = self.upsample nn(self.disp2, 2)

upconvl = upconv(iconv2, 16, 3, 2) #H
concatl = tf.concat([upconvl, udisp2], 3)
iconvl = conv(concatl, 16,3, 1)

self.disp1 = self.get disp(iconv1)

def build_resnet50(self):
#set convenience functions
conv = self.conv
if self.params.use deconv:
upconv = self.deconv
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else:
upconv = self.upconv

with tf.variable scope('encoder'):
convl = conv(self.model input, 64, 7,2) # H/2 - 64D
pooll = self.maxpool(convl, 3)#H/4 - 64D
conv2 = self.resblock(pooll, 64, 3)# H/8 - 256D
conv3 = self.resblock(conv2, 128,4)#H/16 - 512D
conv4 = self.resblock(conv3, 256, 6) # H/32 - 1024D
conv5 = self.resblock(conv4, 512, 3) # H/64 - 2048D

with tf.variable scope('skips'):
skipl = convl
skip2 = pooll
skip3 = conv2
skip4 = conv3
skip5 = conv4

# DECODING

with tf.variable scope('decoder"):
upconv6 = upconv(convs, 512, 3,2) #H/32
concat6 = tf.concat([upconvo6, skip5], 3)
iconv6 = conv(concat6, 512,3,1)

upconv5 = upconv(iconv6, 256, 3, 2) #H/16
concat5 = tf.concat([upconv5, skip4], 3)
iconv5 = conv(concatS, 256, 3,1)

upconv4 = upconv(iconvs, 128, 3, 2) #H/8
concat4 = tf.concat([upconv4, skip3], 3)
iconv4 = conv(concat4, 128,3,1)
self.disp4 = self.get disp(iconv4)

udisp4 = self.upsample nn(self.disp4, 2)

upconv3 = upconv(iconv4, 64, 3,2) #H/4
concat3 = tf.concat([upconv3, skip2, udisp4], 3)
iconv3 = conv(concat3, 64,3, 1)

self.disp3 = self.get disp(iconv3)

udisp3 = self.upsample nn(self.disp3, 2)

upconv2 = upconv(iconv3, 32,3, 2)#H/2
concat2 = tf.concat([upconv2, skip1, udisp3], 3)
iconv2 = conv(concat2, 32,3,1)

self.disp2 = self.get disp(iconv2)
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udisp2 = self.upsample nn(self.disp2, 2)

upconv1 = upconv(iconv2, 16, 3, 2) #H
concatl = tf.concat([upconv1, udisp2], 3)
iconvl = conv(concatl, 16,3, 1)
self.displ = self.get disp(iconvl)

def build model(self):
with slim.arg_scope([slim.conv2d, slim.conv2d_transpose], activation_fn=tf.nn.elu):
with tf.variable scope('model’, reuse=self.reuse_variables):

self.left pyramid = self.scale pyramid(self.left, 4)
if self. mode == "train":

self.right pyramid = self.scale_pyramid(self.right, 4)

if self.params.do_stereo:

self.model_input = tf.concat([self.left, self.right], 3)
else:

self.model_input = self.left

#build model

if self.params.encoder == 'vgg'":
self.build vgg()

elif self.params.encoder == 'resnet50":
self.build_resnet50()

else:
return None

def build_outputs(self):
# STORE DISPARITIES
with tf.variable scope('disparities'):
self.disp_est = [self.displ, self.disp2, self.disp3, self.disp4]
self.disp left est = [tf.expand dims(d[:,:,:,0], 3) for d in self.disp_est]
self.disp_right_est = [tf.expand dims(d[:,:,:,1], 3) for d in self.disp_est]

if self.mode == "test":

return

# GENERATE IMAGES

with tf.variable scope('images'):
self.left est = [self.generate image left(self.right pyramid[i], self.disp left est[i]) for i in range(4)]
self.right est = [self.generate_image right(self.left pyramid[i], self.disp right est[i]) for i in range(4)]

# LR CONSISTENCY
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with tf.variable scope('left-right'):

selfright to left disp = [self.generate_image left(self.disp_right est[i], self.disp_left est[i]) foriinr

ange(4)]
self.left to right disp = [self.generate image right(self.disp _left est[i], self.disp_right est[i]) foriinr
ange(4)]
# DISPARITY SMOOTHNESS

with tf.variable scope('smoothness'):

self.disp_left smoothness = self.get disparity smoothness(self.disp left est, self.left pyramid)
self.disp_right smoothness = self.get disparity smoothness(self.disp_right est, self.right pyramid)

def build_losses(self):

with tf.variable scope('losses', reuse=self.reuse variables):

# IMAGE RECONSTRUCTION

#L1

self.11_left = [tf.abs( self.left est[i] - self.left pyramid[i]) for i in range(4)]
self.l1_reconstruction loss_left = [tf.reduce mean(l) for 1 in self.l1_left]
self.11_right = [tf.abs(self.right_est[i] - self.right pyramid[i]) for i in range(4)]
self.11_reconstruction loss_right = [tf.reduce_mean(l) for I in self.11_right]

# SSIM

self.ssim_left = [self.SSIM( self.left_est[i], self.left pyramid[i]) for i in range(4)]
self.ssim_loss left = [tf.reduce_mean(s) for s in self.ssim_left]

self.ssim_right = [self.SSIM(self.right est[i], self.right pyramid][i]) for i in range(4)]
self.ssim_loss_right = [tf.reduce _mean(s) for s in self.ssim_right]

# WEIGTHED SUM

self.image loss_right = [self.params.alpha_image loss * self.ssim _loss_right[i] + (1 - self.params.alph

a_image loss) * self.11_reconstruction loss_right[i] for i in range(4)]

self.image loss left = [self.params.alpha_image loss * self.ssim _loss_left[i] + (1 - self.params.alpha_

image loss) * self.l1_reconstruction loss_left[i] for i in range(4)]

e(4)]

ge(4)]

self.image loss = tf.add_n(self.image loss left + self.image loss_right)

# DISPARITY SMOOTHNESS

self.disp_left loss = [tf.reduce mean(tf.abs(self.disp left smoothness[i])) /2 ** i for i in range(4)]
self.disp_right loss = [tf.reduce_mean(tf.abs(self.disp_right smoothness[i])) / 2 ** i for i in range(4)]
self.disp_gradient loss = tf.add_n(self.disp_left loss + self.disp_right loss)

# LR CONSISTENCY
self.Ir_left loss = [tf.reduce mean(tf.abs(self.right to left disp[i] - self.disp left est[i])) for i in rang

self.Ir_right loss = [tf.reduce mean(tf.abs(self.left to right disp[i] - self.disp_right est[i])) for i in ran

selflr_loss = tf.add n(selflr_left loss + self.lr right loss)
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# TOTAL LOSS
self.total loss = self.image loss + self.params.disp_gradient loss weight * self.disp_gradient loss + se
If.params.Ir_loss_weight * self.lr_loss

def build summaries(self):
# SUMMARIES
with tf.device('/cpu:0'):
for i in range(4):
tf.summary.scalar('ssim_loss_' + str(i), self.ssim_loss_left[i] + self.ssim_loss_right[i], collections=sel
f.model collection)
tf.summary.scalar('l1_loss '+ str(i), self.l1_reconstruction_loss_left[i] + self.11_reconstruction_loss_
right[i], collections=self.model_collection)
tf.summary.scalar('image loss '+ str(i), self.image loss left[i] + self.image loss right[i], collection
s=self.model collection)
tf.summary.scalar('disp_gradient loss '+ str(i), self.disp left loss[i] + self.disp_right loss[i], collect
ions=self.model_collection)
tf.summary.scalar('lr_loss '+ str(i), self.lr_left loss[i] + self.lr_right loss[i], collections=self.model
collection)
tf.summary.image('disp_left est '+ str(i), self.disp_left est[i], max_outputs=4, collections=self.mod
el _collection)
tf.summary.image('disp_right est '+ str(i), self.disp_right_est[i], max_outputs=4, collections=self.m
odel collection)

if self.params.full_summary:

tf.summary.image('left_est '+ str(i), self.left_est[i], max_outputs=4, collections=self.model colle

ction)

tf.summary.image('right_est '+ str(i), self.right est[i], max outputs=4, collections=self.model co
llection)

tf.summary.image('ssim_left ' + str(i), self.ssim_left[i], max outputs=4, collections=self.model
collection)

tf.summary.image('ssim_right '+ str(i), self.ssim_right[i], max_outputs=4, collections=self.model
_collection)

tf.summary.image('l1_left ' + str(i), self.11_left[i], max outputs=4, collections=self.model collec
tion)

tf.summary.image('l1_right '+ str(i), self.11_right[i], max outputs=4, collections=self.model coll
ection)

if self.params.full summary:
tf.summary.image('left’, self.left, max outputs=4, collections=self.model collection)

tf.summary.image('right', self.right, max_outputs=4, collections=self.model collection)

# Copyright UCL Business plc 2017. Patent Pending. All rights reserved.
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#

# The MonoDepth Software is licensed under the terms of the UCLB ACP-A licence
# which allows for non-commercial use only, the full terms of which are made

# available in the LICENSE file.

#

# For any other use of the software not covered by the UCLB ACP-A Licence,

# please contact info@uclb.com

"""Monodepth data loader.

nman

from future  import absolute import, division, print_function

import tensorflow as tf

def string_length_tf(t):
return tf.py_func(len, [t], [tf.int64])

class MonodepthDataloader(object):

LLLAL mnun

monodepth dataloader

def init_ (self, data_path, filenames_file, params, dataset, mode):
self.data path = data_path
self.params = params
self.dataset = dataset
self.mode = mode

self.left image batch =None
self.right image batch = None

input_queue = tf.train.string_input_producer([filenames_file], shuffle=False)
line_reader = tf. TextLineReader()
_, line = line reader.read(input_queue)

split_line = tf.string_split([line]).values

# we load only one image for test, except if we trained a stereo model
if mode =="test' and not self.params.do_stereo:
left image path = tf.string join([self.data path, split_line[0]])
left image o = self.read image(left image path)
else:
left image path = tf.string_join([self.data_path, split line[0]])
right image path = tf.string_join([self.data_path, split_line[1]])
left image o =self.read image(left image path)
right image o = self.read image(right image path)
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if mode == 'train":

ge 0)

# randomly flip images
do_flip = tf.random_uniform([], 0, 1)
left image = tf.cond(do_flip > 0.5, lambda: tf.image.flip_left right(right image o), lambda: left imag

right_image = tf.cond(do_flip > 0.5, lambda: tf.image.flip_left right(left image o), lambda: right ima
# randomly augment images

do_augment = tf.random_uniform([], 0, 1)

left_image, right_image = tf.cond(do_augment > 0.5, lambda: self.augment_image pair(left_image, rig

ht image), lambda: (left image, right image))

left_image.set_shape( [None, None, 3])
right image.set shape([None, None, 3])

# capacity = min_after dequeue + (num_threads + a small safety margin) * batch_size

min_after dequeue = 2048

capacity = min_after dequeue + 4 * params.batch_size

self.left image batch, self.right image batch = tf.train.shuffle batch([left image, right image],
params.batch_size, capacity, min_after dequeue, params.num_threads)

elif mode == 'test":

self.left image batch = tf.stack([left image o, tf.image.flip left right(left image o)], 0)
self.left image batch.set shape( [2, None, None, 3])

if self.params.do_stereo:
self.right image batch = tf.stack([right image o, tf.image.flip left right(right image o)], 0)
self.right image batch.set shape( [2, None, None, 3])

def augment_image pair(self, left image, right image):

# randomly shift gamma

random_gamma = tf.random_uniform([], 0.8, 1.2)

left image aug =left image ** random gamma

right image aug = right_image ** random_gamma

# randomly shift brightness

random_brightness = tf.random_uniform([], 0.5, 2.0)

left image aug = left image aug * random_brightness

right image aug = right image aug * random_brightness

# randomly shift color

random_colors = tf.random_uniform([3], 0.8, 1.2)
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white = tf.ones([tf.shape(left_image)[0], tf.shape(left image)[1]])
color_image = tf.stack([white * random_colors[i] for i in range(3)], axis=2)
left image aug *= color image

right image aug *= color_image

# saturate
left image aug =tf.clip by value(left image aug, 0, 1)
right image aug = tf.clip by value(right image aug, 0, 1)

return left image aug, right image aug

def read image(self, image path):
# tf.decode image does not return the image size, this is an ugly workaround to handle both jpeg and png
path_length = string_length tf(image path)[0]
file_extension = tf.substr(image path, path length - 3, 3)
file_cond = tf.equal(file _extension, 'jpg’)

image = tf.cond(file cond, lambda: tf.image.decode jpeg(tf.read file(image path)), lambda: tf.image.de
code png(tf.read file(image path)))

# if the dataset is cityscapes, we crop the last fifth to remove the car hood
if self.dataset == 'cityscapes':

o_height = tf.shape(image)[0]

crop_height = (o_height * 4) // 5

image = image[:crop_height,:,:]

image = tf.image.convert image dtype(image, tf.float32)
image = tf.image.resize images(image, [self.params.height, self.params.width], tf.image.ResizeMethod.
AREA)

return image

# Copyright 2015 The TensorFlow Authors. All Rights Reserved.

#

# Licensed under the Apache License, Version 2.0 (the "License");

# you may not use this file except in compliance with the License.

# You may obtain a copy of the License at

#

#  http://www.apache.org/licenses/LICENSE-2.0

#

# Unless required by applicable law or agreed to in writing, software
# distributed under the License is distributed on an "AS IS" BASIS,
# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
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# See the License for the specific language governing permissions and
# limitations under the License.

from _future  import absolute import, division, print_function
import tensorflow as tf

def average gradients(tower grads):

average grads =[]
for grad_and vars in zip(*tower grads):
# Note that each grad and vars looks like the following:
# ((grad0_gpu0, var0_gpu0), ..., (grad0_gpuN, var0_gpuN))
grads =[]
for g, ingrad and vars:
# Add 0 dimension to the gradients to represent the tower.

expanded g = tf.expand dims(g, 0)

# Append on a 'tower' dimension which we will average over below.
grads.append(expanded g)

# Average over the 'tower' dimension.
grad = tf.concat(axis=0, values=grads)
grad = tf.reduce_mean(grad, 0)

# Keep in mind that the Variables are redundant because they are shared
# across towers. So .. we will just return the first tower's pointer to

# the Varable.

v =grad_and vars[0][1]

grad and var = (grad, v)

average grads.append(grad and var)

return average grads

import numpy as np
import matplotlib.pyplot as plt
import scipy.misc

from PIL import Image

img = Image.open('] 3_Kkitti_res.png')

dep = np.load('¥ 3_Kkitti_res.npy")

dep = scipy.misc.imresize(dep.squeeze(), [img.height, img.width])
coords = np.where(dep == np.amax(dep))

print(coords)

66



#y,x=1470, 17
plt.subplot(121)

# plt.title('[%d, %d]' % (%, y))
plt.imshow(img)
plt.plot(coords[1], coords[0], 'ro")
plt.subplot(122)

plt.imshow(dep, cmap='gray")
plt.plot(coords[1], coords[0], 'ro")
plt.show()

# Copyright 2016 The TensorFlow Authors. All Rights Reserved.

# Copyright 2017 Modifications Clement Godard.

#

# Licensed under the Apache License, Version 2.0 (the "License");

# you may not use this file except in compliance with the License.

# You may obtain a copy of the License at

#

#  http://www.apache.org/licenses/LICENSE-2.0

#

# Unless required by applicable law or agreed to in writing, software

# distributed under the License is distributed on an "AS IS" BASIS,

# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
# See the License for the specific language governing permissions and

# limitations under the License.

#

from _ future  import absolute import, division, print_function
import tensorflow as tf

def bilinear sampler 1d h(input_images, x_offset, wrap_mode='border', name='bilinear sampler', **kwargs):
def repeat(x, n_repeats):
with tf.variable scope(' repeat'):
rep = tf.tile(tf.expand dims(x, 1), [1, n_repeats])
return tf.reshape(rep, [-1])

def interpolate(im, X, y):
with tf.variable scope('_interpolate'):

# handle both texture border types
_edge size=0
if _wrap_mode == 'border":

_edge size=1
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im = tf.pad(im, [[0, 0], [1, 1], [, 1], [0, 0]], mode="CONSTANT")
X=X+ edge size
y=y+ edge size
elif wrap mode == 'edge"
_edge size=0
else:

return None

x =tf.clip by value(x, 0.0, width f-1+2* edge size)

x0_f= tf.floor(x)
y0_f=tf.floor(y)
x1 f=x0 f+1

x0 = tf.cast(x0_f, tf.int32)
y0 = tf.cast(y0_f, tf.int32)
x1 = tf.cast(tf. minimum(x1_f, width f-1+2* edge size), tf.int32)

dim2 = (_width +2 * edge size)

diml =(_width +2 * edge size) * (_height+ 2 * edge size)
base = repeat(tf.range(_num_batch) * dim1, height * width)
base_y0 = base + y0 * dim?2

idx_1=base_y0 + x0

idx_r=base y0 + x1

im_flat = tf.reshape(im, tf.stack([-1, num_channels]))

pix_| = tf.gather(im_flat, idx_1)
pix_r = tf.gather(im_flat, idx r)

weight 1= tf.expand dims(x1 f-x, 1)
weight r = tf.expand dims(x - x0_f, 1)

return weight 1 * pix_1+ weight r * pix_r

def transform(input images, x_offset):
with tf.variable scope('transform"):
#eridof (x_t,y t, 1),eq (1) inref[1]
x_t, y_t=tf.meshgrid(tf.linspace(0.0, width f- 1.0, width),
tf.linspace(0.0, height f- 1.0, height))

x_t flat = tf.reshape(x t, (1, -1))
y_t flat = tf.reshape(y t, (1, -1))
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x_t flat = tfitile(x_t flat, tf.stack(] num_batch, 1]))
y_t flat = tfitile(y_t_flat, tf.stack(] num_batch, 1]))

x_t flat = tf.reshape(x_t flat, [-1])
y_t flat = tf.reshape(y_t flat, [-1])

x_t flat=x_t flat + tf.reshape(x_offset, [-1]) * width f
input_transformed = _interpolate(input_images, x t flat, y t flat)
output = tf.reshape(
input_transformed, tf.stack(| num_batch, height, width, num_channels]))
return output
with tf.variable scope(name):

_num_batch = tf.shape(input_images)[0]

_height  =tf.shape(input_images)[1]

_width = tf.shape(input_images)[2]

_num_channels = tf.shape(input_images)[3]

_height_f= tf.cast(_height, tf.float32)
_width_f =tf.cast(_width, tf.float32)

_wrap_mode = wrap_mode

output = _transform(input_images, x_offset)

return output

69



