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numpy np
matplotlib.pyplot plt
matplotlib.patheffects pe

time
tgdm tgdm
ckmeans 1d dp ckmeans

time it (func, *args):
start time = time.time ()
result = func(*args)
end time = time.time ()
elapsed time = end time - start time
( elapsed time
result

load scan (path, delimiter, dims) :
scan_data = np.loadtxt (path =delimiter
= ( (dims) ) =
scan_data.reshape (- dims)

generate random points on rectangle (width, height
num points, angle= noise= noise std= ) @

np.random. seed ( )

sides = np.random.randint ( num points)

random positions = np.random.random (num points)

x _coordinates = np.zeros (num points)
y_coordinates np.zeros (num points)

x _coordinates[sides == 0] = -width /
y _coordinates[sides == 0] (random positions[sides ==
) * height




x coordinates[sides == (random positions[sides ==
) * width
y_coordinates[sides == height /

x coordinates[sides == = width /
y_coordinates[sides = (random positions[sides
) * height

X coordinates[sides (random positions[sides
) * width
y_coordinates([sides -height /

random points = np.column stack((x coordinates
y_coordinates))

angle rad = np.radians (angle)
rotation matrix = np.array([[np.cos(angle rad)
np.sin(angle rad) ]
[-np.sin(angle rad)
np.cos (angle rad)]])
random points = np.dot (random points, rotation matrix)

noise:

noise array np.random.normal ( noise std

=(num points ))
random points += noise array

random points

get theta and norms (points) :

theta = np.arctan2 (points|: points|:

norm = np.linalg.norm(points =1)
order = np.argsort (theta)

theta[order] norm|[order]

polar to cartesian(theta, r):
X = r * np.cos (theta)
r * np.sin(theta)
X, ¥y




get alpha matrix (X, Y, phi):
terms = np.triu(Y / np.cos(X - phi)
A = terms.cumsum ( =0)

A

get beta matrix (X, phi):
terms = np.triu( / (np.cos (X — phi) ** 2)
B = terms.cumsum ( =0)

B += np.triu(np.ones((X.shape[0], X.shape[0]))
B

get scatter matrix (X

n X.shape[0]
Y.shape[0] ==

= get alpha matrix(X, Y, phi)
= get beta matrix (X, phi)

Ze€ro row = np.zeros ( ( n)

one row = np.ones (( n) =
shifted A = np.concatenate ((zero row
shifted B = np.concatenate ((one row

terms = np.triu(Y** ) .T + ((shifted A**2) / shifted B) -
((A**2) / B)

S = terms.cumsum (
S

get D matrix(S) :
n = S.shapel[l]

D np.zeros ((n + ))

( n + ) 2
m ( ) :
J _range = np.arange (m
J range.size ==




get arg D matrix(S):
n = S.shape[l]

= get D matrix(S)
arg D = np.zeros ((n

i ( n+ 1):
m ( ) @
Jj _range = np.arange(m, i + 1)
IR rangesatzieN ==

temp = D[j_range - m - 1] + S[1 - j_range -

arg D[1 - m - 2] = j range[np.argmin (temp) ]

arg D

get segmentation points (X, Y):

S = np.array([get scatter matrix(X, Y, m * np.pi / 2)
(5) 1) .transpose ([ 1)

arg D = get arg D matrix(S)

indexes = []
1 = arg D.shape([0]
num partition (4) [:: 1 e
curr val = arg D[1i - num partition]
indexes.append (curr val)
i, num partition = curr val - num partition -
indexes[::-1]

segment func (X, Y, m):
phase = m * np.pi /
alpha = np.sum(Y / np.cos (X - phase))
beta = np.sum / (np.cos (X - phase) ** 2))
a = alpha / beta
xX: a / np.cos(x — phase)




partition x y (X
n X.shape[0]

Y, partition values, is x values=

n == Y.shape[0]

is x values:
partition indices np.searchsorted (X, partition values
)

partition indices partition values

split indices =

np.concatenate (([0] partition indices [n]))

x_segments = [X[split indices[i]:split indices[i + 1]]
( (split indices) - 1)]

y _segments = [Y[split indices[i]:split indices[i + 1]]
( (split indices) - 1)]

X segments, y segments

get partitions and fits(x batch, y batch, partitions=
n = x batch.shape[0]

n == y batch.shape[0]

partitions:
partition indexes

np.array (get segmentation points(x batch, y batch))
seg starts =

seg_ends =

np.concatenate ([[1]

partition indexes])
np.concatenate ([partition indexes [n 17)

starts ends = np.array ( ( (seg starts, seg ends)))

fitted functions =

= [segment func (x data[se][
y data[se[0]:se[1]]

]J:se[l]]
i)
i, se (starts_ends) ]

x batch[partition indexes] fitted functions

batch data (X

Y, batch size, shuffle=
data size

random_ seed=
X.shape[0]
data size

Y.shape[0]




num batches = data size // batch size

[o)

data size % batch size !=
num batches +=

random seed 2
np.random. seed (random seed)

shuffle:

indices = np.arange (data size)
np.random.shuffle (indices)

X = X[indices]

Y = Y[indices]

batch idx (num batches) :
start idx = batch idx * batch size
end idx = (batch idx + 1) * batch size

X batch = X[start idx:end idx]
Y batch Y[start idx:end idx]

order = np.argsort (X batch)
X batch = X batch[order]
Y batch = Y batch[order]

X batch, Y batch

fit dataset (X, Y, batches= batch size=
n = X.shape[0]
n == Y.shape[0]

batches:
batch size = n

batch partitions = []
batch fits = []

x y batches = batch data(X, Y, batch size)
X batch, y batch tgdm (x y batches):
batch partition, batch fit =
get partitions and fits(x batch, y batch)
batch partitions.append (batch partition)

batch fits.append(batch fit)
average partitions = np.mean (batch partitions

segmented x, segmented y = partition x y (X, Y
average partitions)

segmented fits = [segment func (segmented x[i]
segmented y[i], i) i (5) ]




average partitions, segmented fits

get fit meet points(x partitions, data fits):

intersections x = []

intersections y = []
i, x (x_partitions) :
X _range = np.linspace(x - X +

yl = data fits[i] (x range)
y2 data fits[i+1l] (x range)

meet indices = np.argwhere (np.diff (np.sign(yl - y2)))
meet indices.shape[0] >
intersection idx =

np.argmin (np.abs (x _range[meet indices] - X))
intersections x.append(x range[meet indices] [intersection idx])

intersections y.append(data fits[i] (x range[meet indices] [interse
ction idx]))

intersections x.append(x range[meet indices])

intersections y.append(data fits[i] (x range[meet indices]))

intersections x, intersections y

plot polygon (points) :

plt.figure ( = ( ) )

plt.scatter (points|: ], points[:
= )

plt.gca() .set aspect (

plt.axhline ( =

plt.axvline ( =

plt.xlabel (

plt.ylabel (

plt.title(

plt.grid(

plt.show ()




pol to cart outside fit(X, Y, x partitions, data fits):
segmented x, segmented y = partition x y(X, Y, x partitions)

projected segmented x y = []
i, seg fit (data fits):
condition = (seg fit (segmented x[1]) <= segmented y[i])

projected segmented x y.append(polar to cartesian(segmented x[i] [
condition]

(segmented y[i] [condition])))
projected segmented x y

pol to cart near fit (X, Y, x partitions, data fits):
segmented x, segmented y = partition x y(X, Y, x partitions)

projected segmented x y = []
i, seg fit (data fits):
condition = (seg fit (segmented x[1]) <= segmented y[i]) &
(seg fit (segmented x[i]) + >= segmented y[i])

projected segmented x y.append(polar to cartesian(segmented x[i] [
condition]

(segmented y[i] [condition])))
projected segmented x y

plot polar fit(X, Y, x partitions, data fits, max x=
max y= )t
plt.scatter(X, Y )

(max x ) (max vy
plt.scatter (max x, max y

)

x partitions = np.hstack([x datal[0] X partitions, x datal[-
11)
p_amount = x partitions.shape[0]
idx, p (x_partitions[1l:]):
idx < p amount -
plt.axvline (p
p )
x dense = np.linspace(x partitions[idx], p
plt.plot (x dense, data fits[idx] (x dense)

plt.xlabel (
plt.ylabel (




plt.legend()
plt.grid/(
plt.show ()

plot cartesian fit(X, Y, x partitions max x=
max y= ) &

X, Y = partition x y(X, Y, x partitions)

X Y = [(polar to cartesian(x seg, y seg)) X _seg, y seg

(X, Y)1

(max x ) (max vy ) :

corners_x, corners y = polar to cartesian(max x, max y)
corners X = np.append(corners x, corners x[0])
corners_ y = np.append(corners y, corners y[0])

plt.plot (corners x, corners y =

i, (edge x, edge y)
plt.scatter (edge x, edge y
i+ )

.xlabel (
.ylabel (
.legend ()
.grid(
.show ()

plot door cluster (X, Y, x partitions, data fits):

x y out = pol to cart outside fit (X, Y, x partitions
data fits)

x y near = pol to cart near fit (X, Y, x partitions
data fits)

x y out[0] = np.hstack((x y out[0] x y out[-1]))
X y out = x y out[:-1]

x y near[0] = np.hstack((x y near[0] x y near[-1]))
X y near = x y near[:-1]

max sparse =

sparse cluster x =
sparse cluster y

cluster range(x, y




i, (edge x, edge y)
plt.scatter (edge x, edge y
= = 1 4 )

i, (edge x, edge y)

1 < =

clusters = ckmeans (edge y

clusters ckmeans (edge x

split indices =

np.cumsum (np.array (clusters.size) .astype ( ))
edge x = np.split(edge x, split indices)
edge y = np.split(edge y, split indices)

J, (cluster x, cluster y)
edge_yl:-11)):

clusters.size[]j] >
sparseness = cluster range (cluster x, cluster y
i) / clusters.sizel[7j]
sparseness > max sparse:
max sparse = sparseness

sparse cluster x, sparse cluster y =
(edge x[J], edge yl[]j])

plt.scatter (sparse cluster x, sparse cluster y

- - - )

plt.xlabel (
plt.ylabel (
plt.legend()
plt.grid/(
plt.show ()

rect points = load scan(

mean x np.mean (rect points][: 1)
mean y = np.mean (rect points[: 1)
centered points = rect points - np.array([mean x, mean y])

angles, norms = get theta and norms (centered points)

x data, y data = angles, norms
partitions, fits = time it (fit dataset, x data, y data
)

( partitions}™)




X meets, y meets = get fit meet points(partitions, fits)

plot polar fit(x data, y data, partitions, fits, x meets

y meets)

plot cartesian fit(x data, y data, partitions, fits, x meets
y_meets)

plot door cluster(x data, y data, partitions, fits)




