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import temnsorflow as tf

feature_extractor = tf.keras.applications.MobileNetV3Large(include_top=False)
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import tensorflow_datasets as tfds

davis = tfds.load(’davis’, split=’train’)

data = davis.skip(3).take(l).get_single_element ()

frames = datal[’video’][’frames’]

segmentations = data[’video’][’segmentations’]

n_classes = tf.cast(tf.reduce_max(segmentations), tf.int32)
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!pip install mediapy

import mediapy

COLOR_PALETTE = tf.constant ([

[0., 0., 0.], # background (unused)
[1., 0., 0.1, [0., 1., 0.1, [O0., O.,

0., 1., 1.1, [1., 0., 1.1, [1.,
D

Q@tf.function

def show_labels(image, labels):

1

.

1.]
0.]

bg = tf.cast(image, labels.dtype) / 255.
color_palette = COLOR_PALETTE[:labels.shape[-1]]

fg = tf.tensordot (labels, color_palette,

bg_weight = labels[...,:1]

B

B

(C-11, [011)

return bg_weight * bg + (1. - bg_weight) * fg

labels = tf.one_hot(segmentations[0,:,:,0], n_classes+1)

mediapy.show_image (show_labels(frames[0], labels), width=400)
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IMAGE_SIZE = [448,832]

Q@tf.function

def extract_features(images):

images = tf.image.resize(images, IMAGE_SIZE)

feat = feature_extractor(images)

feat

return feat
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ref_frame = frames[0]
ref_feat = extract_features(ref_frame[None]) [0]

feat_size = ref_feat.shape[:2].as_list()

ref_seg = tf.cast(segmentations[O] = 3, ref_feat.dtype)
ref_seg = tf.image.resize(ref_seg, feat_size)

ref_seg = ref_seg[...,0] == 1.

pos_feat = tf.boolean_mask(ref_feat, ref_seg)
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tgt_frame = frames[5]
tgt_feat = extract_features(tgt_frame[None])[0]

pos_score = tf.tensordot(tgt_feat, pos_feat, [[-1],[-1]1]1)

os_score = tf.reduce_max(pos_score, axis=-1)
b

pos_score = tf.image.resize(pos_score[...,None], ref_frame.shape[:2], method=’
nearest’)

mediapy.show_image (tf.where(pos_score > 0.5, [[[0., 0., 1.]1]1], tgt_frame/255),
width=400)
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neg_feat = tf.boolean_mask(ref_feat, tf.logical_not(ref_seg))
neg_score = tf.tensordot(tgt_feat, neg_feat, [[-1], [-111)

neg_score = tf.reduce_max(neg_score, axis=-1)

neg_score = tf.image.resize(neg_score[...,None], ref_frame.shape[:2], method=’
nearest’)

mediapy.show_image(tf.where(pos_score > neg_score, [{[0., 0., 1.]111, tgt_frame
/255) , width=400)
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@tf.function

def copy_labels(ref_feat, tgt_feat, ref_labels, temperature=0.05):
ref_feat_flat = tf.reshape(ref_feat, [-1, ref_feat.shape[-1]])
tgt_feat_flat = tf.reshape(tgt_feat, [-1, tgt_feat.shape[-1]1]1)
ref_labels_flat = tf.reshape(ref_labels, [—1, ref_labels.shape[—l]])

inner = tf.matmul (tgt_feat_flat, ref_feat_flat, transpose_b=True)
weights = tf.nn.softmax(inner/temperature, axis=1)

tgt_labels_flat = tf.matmul (weights, ref_labels_flat)

tgt_labels = tf.reshape(tgt_labels_flat, [-1, *ref_labels.shape[1:]1])
return tgt_labels
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ref_frames

ref_feat =

ref_labels
ref_labels

tgt_frames
tgt_feat =

tgt_labels
tgt_labels

= frames[:2]

extract_features(ref_frames)

= tf.one_hot(segmentations[:2,:,:,0], n_classes+1)

= tf.image.resize(ref_labels, feat_size)

= frames[6:7]

extract_features(tgt_frames)

= copy_labels(ref_feat, tgt_feat, ref_labels)
= tf.image.resize(tgt_labels, tgt_frames.shape[1:3], method=’nearest’)

mediapy.show_images(show_labels(tgt_frames, tgt_labels), width=400)
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VIDEO_SIZE

ref_inds =
ref_frames

ref_feat =

= [224,416]

[0, 40, 80]
= tf.gather(frames, ref_inds)

extract_features(ref_frames)

ref_seg = tf.gather(segmentations, ref_inds)

ref_labels
ref_labels

result = []

= tf.one_hot(ref_seg[...,O], n_classes+1)

= tf.image.resize(ref_labels, feat_size)

for t in range(len(frames)):

tgt_frames_t = frames[t:t+1]

tgt_feat_t = extract_features(tgt_frames_t)

tgt_labels_t = copy_labels(ref_feat, tgt_feat_t, ref_labels, temperature
=0.02)

ref_feat = tf.concat([ref_feat[:len(ref_inds)], tgt_feat_t], axis=0)
ref_labels = tf.concat([ref_labels[:len(ref_inds)], tgt_labels_t], axis=0)

result.

append (

show_labels(

tf.image.resize(tgt_frames_t, VIDEO_SIZE),
tf.image.resize(tgt_labels_t, VIDEO_SIZE, method=’nearest’)))

result = tf.concat(result, axis=0)

mediapy.show_video(result.numpy(), fps=5)
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1 def draw_bounding_boxes(image, boxes, colors=COLOR_PALETTE[1:]):

2

size =

image.shape[:Q]
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# BEARMED' 0-1 DEEICHE S &S ICHMBIL
boxes /= tf.cast(tf.concat([size, size], axis=0), tf.float32)
# HAD 1/4 OERICNI VT« IRy O 1213 %<
box_image = tf.image.draw_bounding_boxes(
tf.zeros([1, size[0]//4, size[11//4, 31),
boxes [None], colors) [0]
# Y1 2X%Z 4 & (OYTX) IZT3
box_image = tf.image.resize(box_image, size)
# STOEREENRT B
weight = tf.reduce_max(box_image, axis=-1, keepdims=True)

return image * (1. - weight) + box_image * weight
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segment = tf.argmax(tgt_labels[0], axis=-1) ==

points = tf.where(segment)
tgt_frame = tf.image.resize(tgt_frames[0], IMAGE_SIZE) / 255.
top_left = tf.reduce_min(points, axis=0)

bottom_right = tf.reduce_max(points, axis=0) + 1

box = tf.concat([top_left, bottom_right], axis=0)

box_image = draw_bounding_boxes(tgt_frame, tf.cast(box[Nonel], tf.float32) * 32)
mediapy.show_image(box_image, width=400)
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inds = tf.range(points.shape[0])

sampled_points = N

for _ in tf.range(10):
shuffled_inds = tf.random.shuffle(inds)
_points = tf.gather(points, shuffled_inds[:5])
sampled_points.append(_points)

sampled_points = tf.stack(sampled_points, axis=0)

top_left = tf.reduce_min(sampled_points, axis=1)

bottom_right = tf.reduce_max(sampled_points, axis=1) + 1

boxes = tf.concat([top_left, bottom_right], axis=1)

box_image = draw_bounding_boxes(tgt_frame, tf.cast(boxes, tf.float32) * 32)
mediapy.show_image(box_image, width=400)
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def points_in_boxes(points, boxes):
in_box_tl = tf.reduce_all(points[:,None,:] >= boxes[Nomne,:,:2], axis=2)

in_box_br = tf.reduce_all(points[:,None,:] < boxes[None,:,Q:], axis=2)
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in_box = tf.logical_and(in_box_tl, in_box_br) # [n_points, n_boxes]

return in_box

in_box = points_in_boxes(points, boxes)

n_points_in_box = tf.reduce_sum(tf.cast(in_box, tf.float32), axis=0)

n_points = tf.cast(points.shape[0], tf.float32)

areas = tf.cast(tf.reduce_prod(boxes[:,2:] - boxes[:,:2], axis=1), tf.float32)

union = areas + n_points - n_points_in_box
iou = n_points_in_box / union

good_boxes = tf.boolean_mask(boxes, iou > 0.5)

box_image = draw_bounding_boxes(tgt_frame, tf.cast(good_boxes, tf.float32) * 32)
mediapy.show_image (box_image, width=400)

VAN 13 ERUELEBETEZUETIRBENAY Y T4 IRy 72T 5

box = tf.concat ([
tf.reduce_min(good_boxes[:,:2], axis=0),
tf.reduce_max(good_boxes[:,2:], axis=0)

], axis=0)

box_image = draw_bounding_boxes(tgt_frame, tf.cast(box[None], tf.float32) * 32)
mediapy.show_image (box_image, width=400)
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lpip install tensorflow-—hub
import tensorflow_hub as hub
model_url = ’https://tfhub.dev/tensorflow/centernet/resnet101vi_fpn_512x512/1’

detector = hub.load(model_url).signatures[’serving_default’]

UZ 1+ 15 DAVIS 7—%&t v b2 5 3|0 % 5ts

frames = None
for data in davis:
if data[’metadata’][’video_name’] == ’lindy-hop’:

frames = datal[’video’] [’frames’]

frames = tf.cast(tf.image.resize(frames, IMAGE_SIZE), tf.uint8)

YZ N 16 PERBHETLVERWTEER2L S NIONT VT 4 Y IRy 7 2%

def detect_persons(image, threshold=0.6):
outputs = detector (image [None])
cls = outputs[’detection_classes’][0]
scores = outputs[’detection_scores’][O]

boxes = outputs[’detection_boxes’][0]
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is_person = tf.logical_and(cls == 1, scores > threshold)
person_boxes = tf.boolean_mask(boxes, is_person)

return person_boxes

framel = frames[10]
frames[15,:,::-1]

frame?2

person_boxesl = detect_persons(framel)

person_boxes2 = detect_persons(frame2)
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# NOVTa IRy ADE%R [0, 1] D5 [0, H or W] ICTBT-HDEK
size = tf.cast(IMAGE_SIZE, tf.float32)

box_scale = tf.concat([size, size], axis=0)

box_imagel = draw_bounding_boxes(framel/255, person_boxesl * box_scale)
box_image2 = draw_bounding_boxes (frame2/255, person_boxes2 * box_scale)

mediapy.show_images([box_imagel, box_imageQ], width=400)
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def boxes_to_labels(boxes, size):
H, W = size
grid = tf.stack(tf.meshgrid(tf.range(H), tf.range(W), indexing=’ij’), axis
=-1)
grid = tf.cast(grid, tf.float32)
boxes = boxes * tf.cast([H,W,H,W], boxes.dtype)

t1 tf.reduce_all(grid[None,:,:] >= boxes[:,:2][:,None,Nonel, axis=-1)

br = tf.reduce_all(grid[None,:,:] < (voxes[:,2:]+1.)[:,None,None], axis=-1)
labels = tf.cast(tf.logical_and(tl, br), tf.float32)

labels = tf.transpose(labels, [1,2,0])

return labels

labelsl = boxes_to_labels(person_boxesl, [14,26])
labels2 = boxes_to_labels(person_boxesQ, [14,26])

# BINLICBZEIDHTTRIRI S

labelsl_vis = tf.concat([1—tf.reduce_max(labelsl, axis=-1, keepdims=True),
labelsl], axis=-1)

labelsl_vis = tf.image.resize(labelsl_vis, IMAGE_SIZE, method=’nearest’)

mediapy.show_image(show_labels(framel, labelsl_vis), width=400)
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featl = extract_features (framel[None]) [0]
feat2 = extract_features(frame2[None]) [0]
labelslito2 = copy_labels(featl, feat2, labelsl, temperature=0.05)

# EINICEZEDYETTHTRTS

labelslto2_vis = tf.concat([1-tf.reduce_max(labelsito2, axis=-1, keepdims=True),
labels1to2], axis=-1)

labelslto2_vis = tf.image.resize(labelsltoQ_vis, IMAGE_SIZE, method=’nearest’)

label_image = show_labels(frame2, labelslito2_vis)

label_image = draw_bounding_boxes(label_image, person_boxes2 * box_scale)

mediapy.show_image (label_image, width=400)
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intersections = tf.einsum(’ijk,ijl1->k1’, labelslito2, labels2)

areasl = tf.reduce_sum(labelslito2, axis=[0,1])

areas2 = tf.reduce_sum(labels2, axis=[0,1])
unions = areasi[:,None] + areas2[None,:] - intersections
ious = intersections / unions

# matplotlib T IoU DIAAEHEEZKTR
import matplotlib.pyplot as plt
plt.imshow(ious)

plt.ylabel(’Label from framel’)
plt.xlabel(’Box on frame2’)
plt.colorbar()
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from scipy.optimize import linear_sum_assignment

indsl, inds2 = linear_sum_assignment (ious.numpy(), maximize=True)

# IoU HYNETLVRTZRL

comb_ious = tf.gather_nd(ious, tf.stack([indsl, inds2], axis=1))
comb_valid = comb_ious > 0.15

indsl = tf.boolean_mask(indsl, comb_valid)

inds2 = tf.boolean_mask(inds2, comb_valid)

person_boxesl_sorted = tf.gather(person_boxesl, indsl)

person_boxes2_sorted = tf.gather (person_boxes2, inds2)

mediapy.show_image (draw_bounding_boxes (framel/255, person_boxesl_sorted * tf.
concat ([size, size], axis=0)), width=400)
mediapy.show_image(draw_bounding_boxes(frame2/255, person_boxes2_sorted * tf.

concat ([size, size], axis=0)), width=400)
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