Beog [1]: from pathlib import Path

from matplotlib import pylab as plt
import numpy as np

import pandas as pd

import seaborn as sns

import json

%matplotlib inline
plt.style.use('bmh")
plt.rcParams.update({ 'font.size': 14})

3arpyska &

Onuncaxne cdopmarta csv ganna:

http://openvibe.inria.fr/csv-file-format-description/ (http://openvibe.inria.fr/csv-

file-format-description/)

Koapbl cobbiTnin;

http://openvibe.inria.fr/stimulation-codes/ (http://openvibe.inria.fr/stimulation-

codes/)

Beog [2]: openvibe_config = json.load(open("./config/openVibe.json", "r"))
Beon [3]: raw_data = pd.read_csv("./3anucu/OpenVibe signals/motor-imagery-csp-1-a
Beoa [4]: raw_data.head(6)
out[4]:
Time:250Hz Epoch Channel 1 Channel 2 Channel 3 Channel 4 Cha
0 0.000 0 171386.796875 165426.734375 154487.453125 162283.515625 1811441
1 0.004 0 171392.593750 165444.875000 154490.781250 162296.968750 181143.5
2 0.008 0 171387.046875 165428.828125 154489.281250 162286.640625 181143.6
3 0.012 0 171377.921875 165400.750000 154485.890625 162266.593750 181143.3
4 0.016 171376.703125 165396.484375 154484.875000 162261.906250 181142.1
5 0.020 0 171385.546875 165420.531250 154489.937500 162277.234375 1811431

6 rows x 21 columns

dunsTpyem cobbITUA, ANs HAC MHTEpPEeCcHbl CTPenku (neso/npaso)



Beoa [5]:

def filter_events(df: pd.DataFrame, config: dict[str, any]) -> pd.DataF

"""Mony4vyeHve Tabnu4yHOW HOTauuMuM ANA dKcnepumeHToB M3 dainnos OpenVibe

Args:
df (pd.DataFrame): cblpoii ¢ain .oV CKOHBEPTUPOBAHHLIA B .CSV U 3a
config (dict[str, any]): cnoBapb C pacuuMppoBKOi KOAOB CO6LITMIA O

Returns:
pd.DataFrame: ¢peitm (Tabnuua) B Haweh cOBCTBEHHOW HOTaLMM

events = []
__temp_event = {}

new_frame = df.copy()
__ov_events = df[~df['Event Id'].isna()][['Event Id']]
for idx in range(__ov_events.shape[0]):

__row_events = __ov_events.iloc[idx, ©].split(":")

if config['main_actions']['left'] in __row_events or config['ma

__temp_event = {"start": __ov_events.index[idx]}

if config['main_actions']['left'] in __row_events:
__temp_event['action'] = 'left’

if config['main_actions']['right'] in __row_events:
__temp_event['action'] = 'right’

# B 3anucu stop noBmopaemca 0B8axdel (Kak u nwbvie Opyaue OelicmBus
if config['main_actions']J['stop'] in __row_events and len(__tem
__temp_event['stop'] = __ov_events.index[idx + 1]
events.append(__temp_event.copy())
__temp_event = {}

new_frame = new_frame.drop(columns=['Epoch', 'Event Id', 'Event Dat
new_frame[ ‘action’] = None

for event in events:
new_frame.loc[event['start']: event['stop'], 'action'] = event]

new_frame[ 'action'] = new_frame['action'].fillna('relax")
return new_frame



Beog [6]:

Beoa [7]:

31

1

def get_ranges(labels: np.ndarray) -> list[list[int, int, int]]:
"""MNpeobpa3oBaHue CbipblX NeN610B BPEMEHHOro psafa B OTpe3Ku ANnA BuU3ya.

Args:
labels (np.ndarray): nei6nsl

Returns:
list[list[int, int, int]]: cnucok OTpe3KkOB ANA Bu3yanu3auuu, Ka;
Tpoiika "Hadano", "koneu", "Tun pencteusa"

actions = []
__temp_action
__prev_action
idx = 1

[e]
labels[9]

while True:
if idx + 1 > len(labels):
__temp_action.extend([idx, __prev_action])
actions.append(__temp_action)
break

if labels[idx] != _ _prev_action:
__temp_action.extend([idx - 1, __prev_action])
actions.append(__temp_action)
__temp_action = [idx]
__prev_action = labels[idx]

idx += 1

return actions

data = filter_events(raw_data, openvibe_config)



Beoa [8]: 1 plot_data = data.copy()
2 actions = get_ranges(plot_data['action'])
3 action_colors = {"relax": "#COE986", "left": "#CA86E9", "right": "#E98B
4 action_names = {"relax": "oTmeix", "left": "nesaa pyka", "right": "npaBa
5 index = 2
6
7 fig, ax = plt.subplots(figsize=(15, 5))
8 __main = ax.plot(plot_data.iloc[:, index], color="black", linewidth=.4,
9 ax.set_xticks(ax.get_xticks())
10 ax.set_xticklabels([x * ©.004 for x in ax.get_xticks()])
11 ax.set_xlim(e, 107_776)
12
13 __patches = []
14 for act in actions:
15 __patches.append(plt.axvspan(act[@], act[1], color=action_colors[ac
16
17 ax.set_title(f"Busyanusauus akTuBHocTM B ceccum 1\nc paTtuuka \"{data.co
18 ax.set_xlabel("Bpems, c")
19 ax.set_ylabel("3HaueHue curHana\n(popmat OpenVibe)")
20 ax.legend(loc="best", handles=[__main[@]] + __patches[7:10])
21 plt.show()
22
23 del __main, __patches
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Beoa [9]: 1 fig, ax = plt.subplots(l, figsize=(15, 5))
2 __temp = pd.DataFrame({'AnutensHocTb, c': [(x[1] - x[@]) / 256 for x in
3 sns.boxplot(data=__temp, x="[eicTBue', y='[ANUTenbHoCTb, C', ax=ax)
4 ax.set_title('PacnpeneneHve BpemMeHW ANA Kaxgoro gencrteus')
5 del __temp
6 plt.show()
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YTto genaem ¢ BbIGpocamn? BT0 Tak U 3agyMaHHo? (Bonpoc 1 13
coobLeHuns).

dopmupoBaHue 6uHapHoro aataceta £

MapameTpbl faTaceTa

» [Monocosown unetp v
= yacrtora 8 — 30I'x
= Mopsaok 5
e Onoxn v
= 0, 5¢ nocne npegbsiBneHus ctumyna
» 4c - ANUTENBLHOCTL 3MOXK
» Hackornbko cmelaemcs?
o CSP-cunbtp no anoxam v/
» Konuyectso npusHakos 1024

NMonocoBon punsTp

Beog [10]: from scipy.signal import butter, lfilter
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def

def

__create_constants(low: float, high: float, sample_rate: float, ord
"""BblunucieHMe KOHCTaH nosocoBoro ¢unbTpa (BaTTepBopTa)
Args:
low (float): HuxHAA 4YaTcoTa cpesa
high (float): BepxHsa 4acToTa cpesa
sample_rate (float): 4yacToTa AuckpeTusauuu
order (int): nopagok ¢unbTpa
Returns:

tuple[float, float]: KoHCTaHTb ¢uAbTpa, HeobXxoauMble ANA BblYMCE

return butter(order, [low, high], fs=sample_rate, btype='band")

filter_signal(df: pd.DataFrame, cols: list[str], constants: tuple[f
"""OounbTpaumMs paTtaceTta (CUrHaNOB C AATYUKOB)

Args:
df (pd.DataFrame): paTadppeilm ¢ AaHHbMM M3 OpenVibe
cols (list[str]): cnMcok KOMOHOK, AAHHblE B KOTOPLIX HYXHO OTGUIb
constants (tuple[float, float]): KOHCTaHTbl A/ BbMUCAEHUSA OUABT

Returns:

pd.DataFrame: BxogHOW ¢peiM C AaHHbIMU, C MPUMEHEHHbIM GUNBTPOM
new_df = df.copy()
for col in cols:

new_df[col] = 1filter(*constants, df[col].values)

return new_df



Beog [12]: index = 1

constants = __create_constants(8.0, 30.0, 250.0, 5)

plot_data = filter_signal(plot_data, [data.columns[index]], constants)
actions = get_ranges(plot_data['action'])

action_colors = {"relax": "#COE986", "left": "#CA86E9", "right": "#E98B
action_names = {"relax": "oTabix", "left": "neBaa pyka", "right": "npaBa

fig, ax = plt.subplots(figsize=(15, 5))

__filtered = ax.plot(plot_data.iloc[1000:, index], color="black", linew
ax.set_xticks(ax.get_xticks())

ax.set_xticklabels([x * ©.004 for x in ax.get_xticks()])

ax.set_x1lim(@, 107_776)

__patches = []
for act in actions:
__patches.append(plt.axvspan(act[@], act[1], color=action_colors[ac

ax.set_title(f"Busyanusaums akTmBHoCcTM B ceccun 1\nc paTtuuka \"{data.co
ax.set_xlabel("Bpema, c"

ax.set_ylabel("3HayeHune curHana\n(popmaTt OpenVibe)")
ax.legend(loc="best", handles=[__filtered[0]] + __patches[7:10])
plt.show()

del _ patches, _ filtered
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Beog [13]: constants = _ create_constants(low=8.0, high=30.0, sample_rate=250.0, o

filtered_data = filter_signal(df=data, cols=[x for x in data.columns if

Ckonb3sllee OKHO

MosicHeHwe k Bonpocy 3 u3 coobLeHns

PasbuveHue:
[ | Ctumyn (5¢)
|-xxxxxxxx-| dnoxa 1 (0, 5S¢ nayabl + 4C gaHHbIX)

|--xxxxxxxx| dnoxa 2 (0, 5S¢ nayabl + 0, 5¢ cmeleHne okHa + 4C AaHHbIX)



Beoa [14]:
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def split_epochs_binary(

df: pd.DataFrame,
epoch_duration: int,
init_pause: int,
final_pause: int,

step: int,

map_labels: dict[str, int],
cols: list[str]

) -> tuple[np.ndarray, np.ndarray]:

dopMupoBaHue BuUHApHOro gaTaceTa (M3 OTpe3KoB, Korja ecTb AeicCTBu

Args:

df (pd.DataFrame): ¢peim c AaHHbLIMM

epoch_duration (int): anuTenbHocTb 3noxu (B oTcyeTax cUrHana, t
init_pause (int): HavanbHaA nay3a - CKOJIbKO OTCHYETOB BbIOPOCUTL
final pause (int): kKoHe4yHas nay3a - CKOJIbKO OTCYETOB BbIKUHYTb B
step (int): war cmeweHuWAa BHYTpWM BpemeHW NpAbABAEHUA cTumyna (B
map_labels (dict[str, int]): cnoBapb cooTHOCAWWI AelAcTBUE U ero
cols (list[str]): umeHa KoOnoHOK, KOTOpble byayT nobaBneHbl B AaTa

Returns:
tuple[np.ndarray, np.ndarray]: KopTex C 2 MaccuBaMmu:

* oby4awwme AaHHble, pa3MepHOCTb [Koan4yecTBO obpa3uoB X AAuT
* MeTKM KkniaccoB (B cooTBeTcBMM C map_labels), pasmepHoCTb [

Raise:
ValueError: cnoBapb map_labels copepxuT uHOOpMaLUW He O 2X Knac

if len(map_labels) != 2:
raise ValueError(f"Cnosapb map_labels pomkeH coaepxaTb 2 Kjacca

actions = get_ranges(df['action'])
x =[]
y =[]

for action in actions:
if action[2] in map_labels.keys():
__low_bound = action[@] + init_pause
__upper_bound = action[1] - final_pause - epoch_duration +
for inner_idx in range(__low_bound, __ upper_bound, step):
x.append(df.loc[inner_idx: inner_idx + epoch_duration -
y.append(map_labels[action[2]])
return np.array(x), np.array(y)

X, y = split_epochs_binary(

df=filtered_data,

epoch_duration=4 * 250,

init_pause=int(0.5 * 250),

final_pause=0,

step=int(0.5 * 250),

map_labels={"left": @, "right": 1},

cols=[x for x in data.columns if "Channel" in x]



Beoag [16]: x.shape, y.shape

out[16]: ((71, 1000, 16), (71,))

CSP douneTp

Beoa [17]: import scipy
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class CSPFilter:

Peanuzauua CSP ¢éunbTpa B cTune sklearn.
OcHOBaHO Ha peanu3aumu github.co/Hiroaki-K4/total_perspective_vorte

def

def

def

__init_ (self, n_components: int) -> None:
self.n_components = n_components
self.classes = None

self.filters = None

self.patterns = None

self.mean = None

self.std = None

__get_covariate(self, x:
"""MNMonyyeHne KoBapuauui

np.ndarray, y: np.ndarray, cls: any) -

Args:
x (np.ndarray): oTcyeTbl curHana
y (np.ndarray): mMeTku knacca
cls (any): Tekywuit knacc

Returns:
np.ndarray: maTpuua KoBapuauuin

x_class = x[y == cls]

_» _, h_channels = x_class.shape

# x_class = np.transpose(x_class, [1, o, 2])
x_class = x_class.reshape(n_channels, -1)

cov = np.dot(x_class, x_class.T)
return cov

fit(self, x: np.ndarray, y:
"""0by4yeHne PunbTpa

np.ndarray) -> None:

Args:
x (np.ndarray): oTcyeTb curHana (4ucna)
y (np.ndarray): meTku knacca (/bble AaHHble)
self.classes = np.unique(y)
n_classes = len(self.classes)
if n_classes != 2:
raise ValueError(f"KonudectBo knaccoB ans CSP fOMXHO 6biTb =

cov_neg
cov_pos =

self. get covariate(x, y, self.classes[0])
self. get covariate(x, y, self.classes[1])

eig vals, eig_vecs = scipy.linalg.eigh(cov_neg, cov_pos)
for i in range(len(eig_vecs)):
eig vecs[i] = eig_vecs[i] / np.linalg.norm(eig_vecs[i])

sorted_vals = np.argsort(eig_vals)

idxs = np.empty_like(sorted_vals)

idxs[0::2] = sorted_vals[len(sorted_vals) // 2 :][::-1]
idxs[1::2] = sorted_vals[: len(sorted_vals) // 2]

eig vecs = eig vecs[:, idxs]

self.filters = eig _vecs.T

self.patterns =
pick_filters =

np.linalg.inv(eig_vecs)
self.filters[:, self.n_components]



62

63 X = np.asarray([np.dot(pick_filters, epoch.T) for epoch in x])
64 x = (x ** 2).mean(axis=1)

65 self.mean = x.mean(axis=0)

66 self.std = x.std(axis=0)

67

68 def transform(self, x: np.ndarray) -> np.ndarray:

69 """TMpumeHeHne PunbTpa

70

71 Args:

72 x (np.ndarray): oTc4yeTbl curHana (4ucna)

73

74 Returns:

75 np.ndarray: BTOpUWYHble napameTpbl (puun)

76 e

77 pick_filters = self.filters[: self.n_components]

78 X = np.asarray([np.dot(pick_filters, epoch.T) for epoch in x])
79 x = (x ** 2).mean(axis=1)

80 X -= self.mean

81 x /= self.std

82 return x

83

84 def fit_transform(self, x: np.ndarray, y: np.ndarray) -> np.ndarray
85 """ObyyeHne c nocnenywwMM MpUMEHEHWEM KO BXOAHbIM AAHHbIM
86

87 Args:

88 X (np.ndarray): oTcyeTbl curHana (4ucna)

89 y (np.ndarray): meTku knacca (nbble faHHble)

90

91 Returns:

92 np.ndarray: BTOpUWYHble MapameTpbl (puun)

93 e

94 self.fit(x, y)

95 return self.transform(x)

Beoa [19]: 1 csp_filter = CSPFilter(4)
2 csp_filter.fit(x, y)
3 csp_filter.transform(x).shape

Out[19]: (71, 1000)

Beoa [ ]: 1



