TIOJIATOK A

Buxignuii ko mporpamu

# Classes for effective generation of batches for iteration

# with possibility to use transforms for data augmentation

class Transform() :

def init (self, apply flips, apply crops, crop_ coef=0.05):
self.flip = apply flips and bool (np.random.randint (2))
self.apply crops = apply crops
if apply crops:
total coef = np.random.random() * crop coef

self.1l = np.random.random() * total coef
self.rl = 1 - (total coef - self.ll)
self.12 = np.random.random() * total coef
self.r2 = 1 - (total coef - self.l2)

def apply(self, image, is test=False):
if self.flip:
image = np.flip(image, axis=2)
if self.apply crops:
image = np.rollaxis (image, 0, 3)
h, w = image.shape[:2]
image = cv2.resize(image[int(self.1l1l * h):int(self.rl * h),
int(self.12 * w):int (self.r2 * w), :1, (w, h))
image = np.rollaxis (image, 2, 0)
if is_test:
image[image > 0.5] =1
image[image <= 0.5] = 0
return image

class BatchGeneratorInternal () :
def init (self, batch gen):

self.batch gen = batch gen
self.p = np.arange (len(batch gen.image files))
self.transforms = [Transform(batch gen.apply flips,

batch gen.apply crops) for i in range(len(batch gen.image files))]
if batch gen.shuffle:

self.p = np.random.permutation(len(batch gen.image files))

def getitem (self, num):

num = self.batch gen.start position + num * self.batch gen.batch size

to = min(num + self.batch gen.batch size,
len(self.batch gen.image files))

res_input, sizes = zip(*[self.batch gen.get input(self.p[i]) for i in
range (num, to)])

res output =
np.array([self.transforms[i].apply(self.batch gen.get output(self.p[i],
size), True) for i, size in zip(range(num, to), sizes)])

res input = np.array([self.transforms[i].apply (input) for i, input in
zip (range (num, to), res_ input)])

return res_ input, res output
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def len (self):

return len(self.batch gen)

class BatchGenerator (tf.keras.utils.Sequence) :
def init (self, dataset, dataset path, batch size, model params,
shift=0, shuffle=False, apply flips=False, apply crops=False):
self.image files = []
self.dataset path = dataset path
self.batch size = batch size
self.model params = model params
self.shift = shift
self.shuffle = shuffle
self.apply flips = apply flips
self.apply crops = apply crops
self.start position = 0
self.max len = 10 ** 9
def update nan(x) :
from math import isnan
if isnan(x):
return -1
return x
for game dir, clip dir, cnt frames in dataset:
data = pd.read csv(f'{dataset path}/{game dir}/{clip dir}/Label.csv',

sep="',")
rows = [(f'{game_dir}/{clip_dir}/{row["file name"]}"',
row['visibility'],
update nan(row['x-coordinate']),
update nan(row['y-coordinate']),
row(['status']) for it, row in data.iterrows()]

for frame id in range(shift, len(rows) -
model params.n consecutive frames + 1, model params.n consecutive frames):
self.image files.append(rows[frame id:frame id +
model params.n consecutive frames])
self.bgi = BatchGeneratorInternal (self)

def get image(self, filename):
img = np.array(Image.open(f'{self.dataset path}/{filename}"'))
h, w = img.shape[:2]
img = cv2.resize(img, model params.get wh()) / 255
return np.rollaxis(img, 2, 0), (h, w)

def get target(self, cx, cy, initial w, initial h, r):
h, w = self.model params.input height, self.model params.input width
if cx < 0 or cy < O:
return np.zeros((h, w))
cx *= w / initial w
cy *= h / initial h
heatmap = np.zeros((h, w))

for y in range(max (0, int(cy - r) - 1), min(h, int(cy + r) + 1)):
for x in range (max (0, int(cx - r) - 1), min(w, int(cx + r) + 1)):
if ((x — ¢cx) ** 2 + (y — cy) ** 2 <=1 ** 2):
heatmap([y] [x] = 1

return heatmap
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def get input(self, num):

images = []

sizes = []

for row in self.image files[num]:
image, (h, w) = self.get image(row([0])
images.append (image)
sizes.append((h, w))

return np.concatenate (images, axis=0), sizes

def get output(self, num, sizes):
return np.array([self.get target(row([2], row[3], w, h, 2) for row, (h,
w) in zip(self.image files[num], sizes)])

def len (self):

return min(self.max len, (len(self.image files) - self.start position +
self.batch size - 1) // self.batch size)

def on_epoch end(self):
self.start position += self.max len
if self.start position >= len(self.image files):
self.bgi = BatchGeneratorInternal (self)
self.start position = 0

def getitem (self, num):
return self.bgi. getitem (num)

def set max len as percent (self, percent):

self.max len = len(self.image files) // percent + 1

# Algorithm for linking separate results to trajectory
class Triplet:

def init (self, trajectory x, trajectory y, center time, found balls,
window size, d error):
self.trajectory x = trajectory x
self.trajectory y = trajectory y
self.center time = center time
self.found balls = found balls
self.window size = window_size
self.d error = d _error
self.supports = self.get supports(center time, found balls,

window size, d error)

def get ball coordinates(self, t):
def evaluate(trajectory, t):
return trajectory[0] * t ** 2 + trajectory[l] * t + trajectoryl[2]
return (evaluate(self.trajectory x, t), evaluate(self.trajectory y, t))

def update by supports(self, found balls):

ts = [p[0] for p in self.supports if pl[l] != -1]
xs = [found balls[p[0]][p[1]]1[0] for p in self.supports if p[l] != -1]
ys = [found balls[p[0]][p[1]][1] for p in self.supports if p[l] != -1]

return Triplet(np.polyfit(ts, xs, 2), np.polyfit(ts, vys, 2),
self.center time, self.found balls, self.window size, self.d error)
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def get support(self, t, found balls, d error):

p = self.get ball coordinates(t)
support = (d_error, -1)
for i, ¢ in enumerate (found balls([t]):

d = get distance(p, c)

if d <= d_error:

support = min (support, (d, 1i))

return support[1]

def get supports(self, center time, found balls, window size, d error):
supports = []
for i in range (max (0, center time - window_size), min(len(found balls),
center time + window size + 1)):
j = self.get support (i, found balls, d error)
supports.append ( (i, J))
return supports

def get score(self, found balls, d error):
score = 0
for i, 7 in self.supports:
if § == -1:
score += d _error ** 2
else:
score += get distance(self.get ball coordinates (i),
found balls[i][j]) ** 2
return score

def get start time(self):
return min ([support[0] for support in self.supports if support[l] != -

17)

def get finish time (self):
return max ([support[0] for support in self.supports if support[l] != -

17)

def get cnt supports (self):
| =

return sum([support[1l] -1 for support in self.supports])

def create triplet(il, j1, i2, j2, i3, j3, center time, found balls,
window size, d error):
return Triplet(my polyfit([il, i2, i3], [found balls[il][j1]1[0],
found balls([i2][j2]1([0], found balls[i3][33]1I[011),
my polyfit ([il, 12, i3], [found balls[il][j1]1[1],
found balls[i2][j2]1([1], found balls[i3][33]1I[111]),
center time, found balls, window size, d_error)

def get triplet distance(tripletl, triplet2):
11, rl
12, r2 = triplet2.get start time(), triplet2.get finish time ()
if r2 <= ril:
for i in range(r2, rl + 1):
if tripletl.supports[i] != triplet2.supports[i]:
return math.inf

tripletl.get start time(), tripletl.get finish time ()
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return 0
return min([get distance(tripletl.get ball coordinates (i),
triplet2.get ball coordinates(i)) for i in range(rl, r2 + 1)])

class Trajectory:

def init (self, triplets, n_frames, n_extend=0):

self.triplets = triplets

self.ids by frame = [[] for i in range(n_ frames)]

for i, triplet in enumerate (triplets):

for j in range(triplet.get start time(), triplet.get finish time() +
1)
self.ids by frame[]j].append (i)

for (idl, tripletl), triplet2 in zip(enumerate (triplets[:-11),

triplets[1:]):

finishl = tripletl.get finish time ()

start2 = triplet2.get start time()

for i in range(finishl + 1, min(start2, finishl + 1 + n extend)):
self.ids by frame[i].append (idl)

for i in range(max(finishl + 1, start2 - n_extend), start2):
self.ids by frame[i].append(idl + 1)

for i in range(len(self.ids by frame)):
self.ids by frame[i].sort ()

def get ball coordinates(self, time):
frame id = int(time + 0.5)
if frame id >= len(self.ids by frame) or
len(self.ids by frame[frame id]) ==
return False, (0, 0, 0)
x = 0
y =0
for i in self.ids by frame[frame id]:
p = self.triplets[i].get ball coordinates (time)
x += p[0]
y += pll]
return True, (x / len(self.ids by frame[frame id]),
y / len(self.ids by frame[frame id]),
self.ids by frame[frame id])

def get trajectory(found balls, max dist by frame, d error, window size=15,
max size misses=10, minimum trajectory size=10, triplet th=4,
update by supports=False):

def get triplets(found balls):

triplets = []
for 1 in range(l, len(found balls) - 1):
for prev _index in range (len(found balls[i - 1])):

for current index in range(len(found balls[i])):
if get distance (found balls[i] [current index], found balls[i -
1] [prev_index]) > max dist by frame:
continue
for next index in range (len(found balls[i + 1])):
if get distance (found balls[i] [current index], found balls[i +
1] [next index]) > max dist by frame:
continue
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triplet = create triplet(i - 1, prev _index, i, current index, i
+ 1, next index, i, found balls, window _size, d error)

while True:

score = triplet.get score(found balls, d _error)

1 = min([p[0] for p in triplet.supports if p[l] != -11)

c = min([(abs(p[0] - 1), pl0]) for p in triplet.supports if
pll] !'= -17])I[1]

r = max([p[0] for p in triplet.supports if p[l] != -11])

shift = triplet.supports[0][0]
extended triplet = create triplet(*triplet.supports[l -
shift], *triplet.supports[c - shift], *triplet.supports|[r - shift], i,
found balls, window size, d error)
if update by supports:
new_extended triplet =
extended triplet.update by supports(found balls)
extended triplet = new extended triplet
if score <= extended triplet.get score(found balls, d _error):
break
triplet = extended triplet
if update by supports:
triplet = triplet.update by supports (found balls)
if triplet.get finish time() - triplet.get start time() + 1 >=
triplet th:
triplets.append(triplet)
return triplets

def get best trajectory(start, finish, triplets, maximum delay=2):
triplets = [triplet for triplet in triplets if start <=
triplet.get start time() and triplet.get finish time() <= finish]
triplets.sort (key=lambda triplet: triplet.center time)

best start = (-1, -1)
for i, triplet in enumerate(triplets):
if triplet.get start time() <= start + maximum delay:

best start = max(best start, (triplet.get cnt supports(), 1))
start id = best start[1l]
parents = [-1 for i in range(len(triplets))]
distances = [math.inf for i in range(len(triplets))]
distances[start id] = 0
for i, triplet in enumerate(triplets):
current start time = triplet.get start time()
current finish time = triplet.get finish time ()
for j in range(i - 1, -1, -1):
if triplets[j].center time + window size + max size misses + 1 <
current start time:
break
if triplets[j].get finish time() + max size misses + 1 <
current start time:
continue
if triplets[j].get finish time() >= current finish time:
continue
if triplets[j].get start time() >= current start time:
continue
d = get triplet distance(triplets[j], triplet)
if distances[j] + d < distances[i]:
distances[i] = distances[]] + d



parents[i] = J
best finish = (math.inf, -1)
for i, triplet in enumerate (triplets):
if triplet.get finish time() + maximum delay >= finish:

best finish = min(best finish, (distances[i], 1))
finish id = best finish[1]
result = []
while finish id != -1:
result.append (triplets[finish id])
finish id = parents[finish id]
result.reverse ()
return result
triplets = get triplets (found balls)
cnt = [0 for i in range(len(found balls))]
for triplet in triplets:
for i in range(triplet.get start time(), triplet.get finish time ()

1):

cnt[i] +=1
start = 0
trajectory = []
while True:

while start < len(found balls) and cnt[start] == 0:
start += 1

if start == len(found balls):
break

finish = start

total = 0

while finish < len(found balls):
total += cnt[finish]

if finish - max size misses >= start:
total -= cnt[finish - max size misses]
if total ==
break
finish += 1
while finish >= len(found balls) or cnt[finish] == 0:
finish -= 1
if finish - start + 1 >= minimum trajectory size:

for triplet in get best trajectory(start, finish, triplets):
trajectory.append (triplet)
start = finish + 1
trajectory = Trajectory(trajectory, len(found balls))
return trajectory

+
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