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Lampiran 1. Hasil proses data 1D

o/ Variables - base_data
Varan

S Zopenv Rows Columns & BB 5 raspose
New fom = print v 1 [ Insert Delete %/ 5ot w
Selection ¥ e 1 4
VamasiE o1
i | basedata x|
[ 1264 double
1 2 3 4 s 3 7 s ) 10 b 2 = 1 15 % 7 18 19 2 21

00183 00172 01878 00070  -D1237 00448 00918 15856 04149 00208 00114 00394  -00474 02121 00730 01335 01296 00333 02402  -00419
04090 01635 03768 01499  -03124  -01545 03307 04114 01321 02304 01429  -00440  -02223  -08070  -03406  -05555  -07684  -05160  -06566  -05157
01406 0934 02059  -01638  -D1655  -0.4341 02365  -1L1667 03826 01606  -00970  -01427  -01115  -03201  -0.1793  -03055 02138 02754 03432  -0289¢
06257 06136 07716 06021 07420 07860 07668 02692 0809 07095 06584 07213 08236 00580 07820 01741 02123 02372 0293 02715
01675 02449 01492 02533 01501 03467 03842  -13580 03012 03186 02090 0238  049%  -06546 02058  -01378 00262 01433  -00783 01195
03741 0073 03382 -00992  -02675  -00387  -0.1932 02588 02178 00376  -01343  -00133  -0.1665  -04914  -02602  -01966  -03421 01386  -03240  -0.1413
01240 02186 D410 03120 04997 04166 04978 14435 07047 03505 03255 04645 04168 08078 03223  -09705 05645 05016 07589 07236
05127 01623 04756 -02760 03725 01009 03635 06373 02290 01961 02953  -01315  -03188  -07659  -04023  -06035  -06470 03161  -06050  -03945
03835 2310 03552 -D2459  -03305 04564 04730 06224 01318 02410  -02657  -00804  -0.1656  -05341  -02399 04735 07776 06139 07863  -06237
02503 00047 02250 00703 01546 00532 01258  -05349 02783 00449 00830 00155 00860 04689 0179  -0538)  -05187 03161 04300 03254
05633 04639 06508 04977 06721 05714  -06223  -01587  -07268  -05131  -05490  -05339 06001  -09854  -06565  -14843  -08652  -O7117  -09129  -08185)
<1320 10836 -13604  -10605  -13882  -10603  -10890  -1.1144  -10998  -08703  -11417 10281  -11641  -13774 13776 -12478  -15030  -10518  -13991  -1.1502

] Variables - data_seconds_list - 0

VARABLE

S Hoper~ Rows Columns B S Tenspose
New from & prin v [0 o Insert Delete * | ot v
Selection v sy

VA

data_| data_seconds_list

£ 1x12 double

o1

(] Variables - dat = ]
VaRaBiE

ar Zopenv Rows Columns B Tmspose
New from & print v |1 I Insert Delete * [ ot v
Selection L SR
vmasie sascrion eon
o data
[ 60v64 doubie

2 3 4 5 5 7 8 ° 10 i 12 3 4 15 6 7 18 19 20 2
06668 01821  -02380  -15463  -05993  -05320 -24907e-04 02108  -18280  -05055  -07051 00213  -01407  -18298  -07862 01201  -04121  -11730 06232  -13075
00442 02588 19674 05572 -0697  -01684  -02270  -16708 06763 08762 00616 02430 1949  -04926 10236  -06752 10212 -05331 17100 o173
02346 15495 06064  -08109  -02789 02840  -16970 08102  -17368  -17547 19423  -33274  -07900  -14327 06438  -12931 06742  -15567 01026  -04261
18365 06187 06376 -01589  -D2001  -16539 04835 07260  -00BSO 02105  -17679  -03536  -11525  -02057  -02046  -10178  -17035 01880 03711  -1.1879
05701 06684 01713 -0.1857 18249 04926 08399 01045 04132 19490 05210 06424  -00666  -02916 19735 14646 01502 04343 11233 06324
S10527 12216 07795 -22230 07712 -11663 23994  -15561 22004 09561  -08052  -14538 11738 -21412 07253  -05418 02124  -15105  -14431  -17800
18219 12984 -22981 10214 -0852  -1350  -1.1879 21401 08390  -11598  -17186  -13245  -22338 11203  -06311 01185  -15496  -18529  -21838  -02404
11803 21238 10M9 06361 13403 11784 21945 00846 -\7774 18523 12896 14788 11485 05516 11261 10720 13232 7193 02521 03831
12210 18693 10817 06186 11827  -12008  -21288 09668 09843  -16012  -11786  -22006 11187  -07321  -12845 11162 -11293  -18496 01934 03453  -1.1163
10 -22758 10410 06558  -15826 1047 21513 04367 19439 19584  -187M 26127 07923  -10733 15235 12191 -22156  -19111 03824 03750  -12134  -14767
11 01198 04715 14262 06891 12875 02994 11327 09872 0595  -18300 01110 10117 10139 -05840 16598  -02620 00095 04195 11507 14449 17095
12 12422 12006 07168 16902 -02307 12825 11417 06982 -17924 04694  -12028  -11543  -07191  -18832  -00523  -11360  -05040  -17805  -12972  -21340 00547
13 13611 07197 17682 02800 16468 13714 07781 18157 01575  -1.5898  -17476  -15639  -27213  -02160  -15371  -16501  -18213  -13266  -20198 00808  -05595
14 AN73 7537 02267 13160 12080 06459 16745 01200 11725 10256 06577 19174 00892  -11268 13708 07548 15881 21460 01092 04722 17538
15 16730 00634 -13983  -12625  -07437  -17780  -03612  -12495  -13817 07314 -18699  -02025  -11251  -10784  -07075  -19272  -20371 01788 03412 -19127  -11508
16 -04139 00101 08744 05433  -11853 01782 05469  -00695 00382 04477  -00430 06699 00198 00274  -06206 03836 07213  -05220  -01611  -05987  -15369

17 05331 00980 02141 03897 01716 07149 0064 01024 03329 02632 05602 0048 01456  -04155 02140 06525 01517 06115 00225 09800 06283
18 00510 00729 04290 02630 06732 00205 00734 02494  -02285  -13300  -22657 17013 -22461 01970 06223 00709 06649 02315  -10113 07078 00625
19 01573 07940 00425 06167 0101 00900 04977 00638 07108 02022 00952  -03474 00884 07211 00767 00559 00770  -10539 07213 00729 05789

20 04756 04782 08001 01240 00669 02187 02049 05145 12319 11008 16229 02052 05473 00779  -00566 05166 09838 07299 02193 08088 00710
21 01359 00165 09033 02221  -15926 06640 02740  -09257 05191  -12081 07589 04692  -04154  -03828  -095¢1 06173  -03450 01908 03188  -07392  -12585
22 01605 06950 05209 10272 08147 06973  -03890  -02264  -08002 06173  O0A435 07213 03488  -08226 06556 07352 02564  -00232  -05M47  -12359 00374
23 04990 00184 05545 07511 08426 03132  -00103  -04086  -06758 16427 26355 21426  -30012 06063 07272  -01557 04775 01712 07430 0139 05261
24 00458 03810 07482 06805  -03490  -02219  -06665 08693 07340 04490 01843 06153 06173 08828  -02378  -00935 02106  -06020 01453 04029 04047
25 05924 08230 06619 03376  -01070  -04802  -01109  -07652  -17697  -13215  -19685 06554 04115  -06550  -03365  -09187  -0B765 04111 05354 05195  -01621
26 02573 07762 02011 08264 20119 00136 16099 12888 11659 19799 01667 14916 10477 09359  -19080 00417 03174 04133 10343 09275 18404
27 15078 12556 -11513 20962 02327 11571 10631 09083 -19454 00656  -18070  -12498  -10867  -20413 02764  -13557 01339 -17913  -13970 22465  -00532
28 10319 08665 18761 00496 13006 -12916  -09813  -20140 06051 07148 04967 03300  -15672 01369 13866  -13992  -12214  -10262 20650  -01510 03474

81



[ Variables - label

S P open~ Rows
Newfom yprint v [1
Selection™

VARARE

Columns
|

SEECTION

o e

B Transpose
Insert Defete %/ ot w

o1

data data_seconds_list

Iabel_t

[ 1460 double

i Open~ Rows
S pint v [1

Columns

|

SELECTION

o)

59 Transpase

Insert Delete | sor v

] Variables - label_3

VARIABLE

S Popenv Rows

Newfom @print v [1
Selection

VaRAD

Columns
(i

seEcTion

L B 3 Transpose
Insert Delete [ 5or v

£oT

data data_seconds_list

label_t

label2 label_3

£ 1460 double
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Lampiran 2

_I data |
Bzf 4-D double

O 0O 0O 0 0 0 0 0 0 0 00 000000000000 oo oo o o
O 0O 0O O O 0O 0O O O O 0O 0O OO0 000000 O0OoOo oo o o oo

o 0O 0O O O 0O 0O 0O 0O 0 0 0 0 00 0000 oo oo oo o o o o
o O O O O O O O O O 0O 0 O 0000 ooo o oo oo

VARARE

data_ | datasecondslist | labelt
1 160 double
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[ Variables - label )

599 Transpase

' A openv Rows Columns o, & g
Insert Delete * | sort w

Newfom Gyprint v [1
Selection ™
VaRARE seiEcTion £or
data data_seconds_ist Iabel1 *| label2
[ 1460 double

Columns 5 B 3 Transpose

[1 ] Men Delete fison v

VARASLE seEcTion: o1
data data_seconds_list label_t label 2 label_3

£ 1x60 doubte
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Lampiran 3. Proses Segmentasi Data

1 def read_file(file):
2 data = sio.loadmat(file)
3 return data

4 trial_signal = data[:, triall[@][:, channell]
5 base_signal = datal:, triall[e][:300, channel]
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Lampiran 4. Proses Dekomposisi Data

1 def butter_bandpass(lowcut, highcut, fs, order=5):

2 nyq = 0.5 * fs

3 low = lowcut / nyq

u high = highcut / nyq

5 b, a = butter(order, [low, highl, btype='band')

6 return b, a

7

8 def butter_bandpass_filter(data, lowcut, highcut, fs, order=5):
9 b, a = butter_bandpass(lowcut, highcut, fs, order=order)
10 y = lfilter(b, a, data)

11 return y

12

13 #Dekomposisi Baseline
14 base_theta = butter_bandpass_filter(base_signal, 4, 8, frequency, order=3)

15 base_alpha = butter_bandpass_filter(base_signal, 8,14, frequency, order=3)
16 base_beta = butter_bandpass_filter(base_signal,14,31, frequency, order=3)

17 base_gamma = butter_bandpass_filter(base_signal,31,u45, frequency, order=3)
18

19 #Dekomposisi Trial
20 theta = butter_bandpass_filter(trial_signal, 4, 8, frequency, order=3)

21 alpha = butter_bandpass_filter(trial_signal, 8, 14, frequency, order=3)
22 beta = butter_bandpass_filter(trial_signal, 14, 31, frequency, order=3)
23 gamma = butter_bandpass_filter(trial_signal, 31, 45, frequency, order=3)
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Lampiran 5. Proses Feature Extraction Data

il

V90 E WN

11
12
1
14
1
16
17
18
19
20
2
22
23
24
2
26
27
28
29
30
31
32
33
34
35
36
37
38
39
4o
41
u2
43
4y
u5
u6
u7
ug
49

w

o

[y

o

for trial in range(12):
temp_base_DE = np.empty([0])
temp_base_theta_DE = np.empty([0])
temp_base_alpha_DE = np.empty([0])
temp_base_beta_DE = np.empty([0])
temp_base_gamma_DE = np.empty([0])

data_seconds = (datal:, triall[e].shape[®])
temp_de = np.empty([®,data_seconds])

for channel in range(16):

#Feature Extraction

base_theta_DE =(compute_DE(base_theta[:100])+compute_DE(base_theta[100:200])+compute_DE(base_theta[200:]1))/3
base_alpha_DE =(compute_DE(base_alphal:100])+compute_DE(base_alpha[100:200])+compute_DE(base_alpha[200:1))/3
base_beta_DE =(compute_DE(base_beta[:100])+compute_DE(base_beta[106:200])+compute_DE(base_beta[200:]1))/3
base_gamma_DE =(compute_DE(base_gamma[:100])+compute_DE(base_gamma[100:200])+compute_DE(base_gamma[200:1))/3

temp_base_theta_DE = np.append(temp_base_theta_DE,base_theta_DE)
temp_base_gamma_DE = np.append(temp_base_gamma_DE,base_gamma_DE)
temp_base_beta_DE = np.append(temp_base_beta_DE,base_beta_DE)

temp_base_alpha_DE = np.append(temp_base_alpha_DE,base_alpha_DE)

DE_theta = np.zeros(shape=[0],dtype = float)
DE_alpha = np.zeros(shape=[@],dtype = float)
DE_beta = np.zeros(shape=[0],dtype = float)
DE_gamma = np.zeros(shape=[0],dtype = float)

for index in range(data_seconds):
DE_theta =np.append(DE_theta, compute_DE(theta[index*frequency: (index+1)*frequencyl]))
DE_alpha =np.append(DE_alpha, compute_DE(alpha[index*frequency: (index+1)*frequency]))
DE_beta =np.append(DE_beta,compute_DE(beta[indexxfrequency: (index+1)*frequencyl))
DE_gamma =np.append(DE_gamma, compute_DE(gamma[index*frequency: (index+1)*frequency]))
temp_de = np.vstack([temp_de,DE_thetal)
temp_de = np.vstack([temp_de,DE_alpha])
temp_de = np.vstack([temp_de,DE_betal)
temp_de = np.vstack([temp_de,DE_gamma])
temp_trial_de = temp_de.reshape(-1,4,)
decomposed_de = np.vstack([decomposed_de,temp_trial_del)

temp_base_DE = np.append(temp_base_theta_DE,temp_base_alpha_DE)
temp_base_DE = np.append(temp_base_DE,temp_base_beta_DE)
temp_base_DE = np.append(temp_base_DE,temp_base_gamma_DE)
base_DE = np.vstack([base_DE,temp_base_DE])
data_seconds_list = np.append(data_seconds_list, data_seconds)
decomposed_de = decomposed_de.reshape(-1,16,4).transpose([0,2,1]).reshape(-1,4,16).reshape(-1,64)
print("base_DE shape:" base_DE.shape)
print("trial_DE shape:", decomposed_de.shape)
return base_DE, decomposed_de, data_seconds_list
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Lampiran 6. Proses Baseline Reduction

O o0 300 0 F wWwN

T T R B S SR S
S o000 EWNR®

def

def

1 def read_file(file):

data = sio.loadmat(file)
return (data['data'], data["base_data"], data["label_1"],
data["label_2"], data["label_3"], datal["data_seconds_list"])

get_vector_deviation(trial_vec, base_vec):
return trial_vec / base_vec

get_dataset_deviation(trial_data, base_data, seconds_list):
new_dataset = np.empty((0, 64))
idx = 0
for i, dur in enumerate(seconds_list[0]):
for j in range(int(dur)):
diff = get_vector_deviation(trial_datal[idx + j], base_datal[il)
new_dataset = np.vstack([new_dataset, diff.reshape(l, 64)])
idx += int(dur)
return new_dataset
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Lampiran 7. Proses Feature Representation

O 000 O E WM

W wwwwhmNRhNMNNMMMNMMOMNOMNMOMNOMNOMERRRERERRREREREPRERBE
F WN POOUWOODIOO FWNEPOGOUOLOdO O EWNRE O

def

1 def data_1Dto2D(data, Y=9, X=9):

data_2D = np.zeros([Y, X]1)

data_2D[0] = (e, @, 0, data[e], @, data[1]l, @, 0, 0)

data_2p[1] = (0, @, 0, ©, ©, ©, 0, ©, 0)

data_2D[2] = (data[8], @, data[2], ®, @, O, data[3], ©, data[9])
data_2D[3] = (e, 0, 0, @, 0, @, 0, 0, 0)

data_2D[4] = (data[10], 0, data[d], ©, @, 0, data[5], @, data[11])
data_2D[5] = (0, 0, 0, @, 0, @, 0, 0, 0)

data_2D[6] = (data[12], ©, datale]l, 0, ©, 0, data[7], 0@, data[13])
data_2D[7] = (0, @, 0, ©, ©, 0, 0, 0, 0)

data_2D[8] = (@, 0, 0, data[14], O, data[15], @, O, @)

return data_2D

pre_process(path, use_baseline='yes'):
sub_len = 16
data_3D = np.empty((0, 9, 92))

trial_data, base_data, v_label, a_label, d_label, seconds_list = read_file(path)

if use_baseline == "yes":

data = get_dataset_deviation(trial_data, base_data, seconds_list)
else:

data = trial_data

data = preprocessing.scale(data, axis=1)

for vec in data:
for band in range(d):
temp_2D = data_lDto2D(vec[band*sub_len:(band+1)*sub_len])
data_3D = np.vstack([data_3D, temp_2D.reshape(l, 9, 9)]1)

data_3D = data_3D.reshape(-1, 4, 9, 9) # (N, 4, 9, 9)
print(”Final shape:", data_3D.shape)
return data_3D, v_label, a_label, d_label
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Lampiran 8. Proses Classification, dan Accuracy Calculation

72
73
7Y
75
76
77
78
79
80
81
82

os
nunpy as np

pandas as pd

import scipy.io as sio

import matplotlib.pyplet as plt

from sklearn.model_selection impert KFold, train_test_split

from sklearn.preprocessing import LabelEncoder

from sklearn.metrics import precision_score, recall_score, fl_score
from tensarflow. .models import Sequential

impart
import
impert

keras
keras
keras.
Keras.
keras
keras

tensorflow.
tensorflow.
tensorflow.
tensorflow.
tensorflow.

From
from
from
from
from

.layers import Conv2D, Dense, Flatten, Dropout
optimizers import Adam

utils import to_categorical

_regularizers import 12

.callbacks import EarlyStopping

input_height = 9
input_width = 9
time_step = 1
window_size
with_or_not ith

inputs = [1, 2, 3, 4]

bands = [i - 1 for i in inputs]

1

input_channel_nun = len(bands) * time_step
dataset_dir = "Dataset_3D/"
mat_files = sorted([f for  in os.listdir(dataset_dir) if f.endswith(".mat") and #.startswith("DE_")])
for file_name in mat_files:
input_file = file_name.replace(".mat", **)
print(*\n® + "= * 503
print(f"Processing file: {input_file}")

print("=" * 5@)

data_file = sio.loadmat(os.path.join{dataset dir, input_file + ".mat"))
cnn_datasets = data_file["data"]
label_valence = data_file['label_1'][0]

label_arousal = data_file['label_2'][0]
label_deminance = data file['label_3'][0]
def preprocess_three_labels(v, a, d):
mapping = {
e, 8, 6): 'esa’,
(8, 8, 1): 'eel’,
e, 1, 8): '8le’,
e, 1, 1): 'e11’,
(1, 8, 6): '100°,
a, 1, e): '1le',
}
return mapping.get((v, a, d), 'invalid')

raw_labels = List(map(preprocess_three_labels, label_valence, label_arousal, label_dominance))
valid_idx = [i for i, 1bl in enumerate(raw_labels) if 1bl #= ‘invalid']

= cnn_datasets[valid_idx]
[raw_labels[i] for i in valid_idx]

cnn_datasets
raw_labels

encoder = LabelEncoder()
encoded = encoder.fit_transform(raw_labels)
labels = to_categorical(encoded)

cnn_datasets
chn_datasets

cnn_datasets

cnn_datasets.transpese(0, 2, 3, 1)
= cnn_datasets[:, , bands]
cnn_datasets.reshape(-1, input_height, input_width, input_channel_num)

indices = np.arange(len(labels))
np.randem.shuffle(indices)
cnn_datasets = cnn_datasets[indices]
labels = labels[indices]

def build_model{input_shape, num_classes=6, enable_penalty=True):
model = Sequential()
model.add(Conv2D(6Y4, kernel_size=tl, strides=1, padding="same', activation='relu'
input_shape=input_shape))
nodel.add(ConvaD(128, Kernel size=d, strides=1, padding='same', activation='relu'))
nodel .add(Conv2D(256, Kernel_size=d, strides=l, padding='same', activation='relu'))
model.add(ConvaD(6y, kernel_size=1, strides=1, padding='same', activation='relu')})
model.add(Flatten())
model.add(Dense(1024, activation='relu'})
nodel . add(Dropout (8.5))
if enable_penalty:

model.add(Dense(nun_classes, activation='softmax', activity regularizer=12(8.5)))

else:
model.add(Dense(num_classes, activation='softmax'))
return model
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w e

180
101
162
183
104
185

107
188
189
110
11

13
114
15
116

# —— W-FOLD TRA
labels_argnax = np.argmax(labels, axis=1)
f = StratifiedKFold(n_splits=18, shuffle=True, random_state=42)

fold = 1
aceuracy_list, precision_List, recall_list, f1_list, epoch_list = [J, [1,

no.n

result_dir = os.path.join("CNN Result”, f'{uith_or_not}_{input_file} Kernel2x2")
o5 makedirs(result_dir, exist_ok=True)

nodel = build_model(cnn_datasets.shape[1:], labels.shape[11)
model.compile(loss='categorical crossentropy’, optimizer=Adam(le-4), metrics=['accuracy'])
initial_weights = os.path.join(result_dir, feinitial_model_{input_file} weights hs")

nodel . save_weights(initial_weights)
model. sumnary ()
for train_val_idx, _ in kf. split(cnn_datasets, labels_argmax):

nodel, load_weights(initial weights)

print(F"\n== Training Fold {fold} =

X_train, X_val, y_train, y_val = train_test_split(
cnn_datasets[train_val_idx], labels[train_val_idx],
test_size=p.1, stratify=labels_argmax[train_val_idx],
randon_state=fold

early_stop = EarlyStappingC

hist = model.fit(
X_train, y_train,
batch_size=100, epochs=5@,
validation_data=(X_val, y_val),
callbacks=[early_stopl,
verbose=1

#
loss, accuracy = model.evaluate(X_val, y_val, verbose=e)
y_pred = model.predict(X_val)

y_pred_classes = np.argmaxCy_pred, axis=1)

y_true = np.argmax(y_val, axi

Evaluation

precision = precision_scora(y_true, y_pred_classes, averages'macro’, zera_division=e)
recall = recall_score(y_true, y_pred_classes, average='macro', zero_division=8)

1 = £1_score(y_true, y_pred_classes, average='macro', zero_division=0)

total_epochs = len(hist.epach)

accuraey_list.append(aceuracy)
precision_list.append(precision)
recall_list.append(recall)
F1_list.append(£1)
epoch_List.append(total_epachs)

print(f'Fold {fold}: Acc={accuracy:.uf}, Prec={precision:.df}, Recall={recall: .uf}, Fl={fl:.u4f},

Epochs={tatal_epochs} '}

# == save Model ==

# == Save History and Netrics to Excel =
df_result = pd.DataFrame({
‘epach': hist.epoch,
"loss': hist.history['less'],
'val_loss': hist.history['val less'],
‘aceuracy': hist_history['accuracy'],
‘val_accuracy'; hist,history['val.accuracy'l,
1]

final_nmetrics = pd.DataFrame({
'final_accuracy': [accuracy],
'final_precisian': [precision],
'final_recall': [recalll,
'final _£1': [£1]
'total_epoch': [total_epochs]
n

with pd.Exceluriter(os.path. join(result_dir, €' {input_file}_fold_{fold}.xlsx')) as writer:
df _result. to_excel (writer, sheet_name='training_curve', index=False)
final_metrics.to_excel(writer, sheet name='final wetrics', index=False)

# = Save Plot =
plt.figure(figsize=(10, 5))

plt.plot(hist.histery['less'], label='Train Leoss')

plt.plot(hist. history['val_loss'], label='Val Loss')

plt.title(f'Loss Curve - Fold {fold}')

plt.xlabel("Epoch")

plt.ylabel("Loss™)

plt.legend()

plt. tight_layout()

plt.savefig(os.path. joinCresult_dir, f'{input_file}_fold_{fold} loss.png'))

plt.close()
fold += 1
# = Save Sumnary
print("\n== FINAL AVERAGE METRICS ==")

print(#'Average Accuracy : {np.mean(accuracy list):.4f}'}

print(f'Average Precisien: {np.mean(precision_Llist):.us}')
print(f'Average Recall : {np.mean(recall_list):.uf}')
print(f'Average Fl-score : {np.mean(f1_list):.4f}')
print{f'Average Epochs : {np.mean(epoch_list):.2f}')

summary_df = pd.DataFrame({
*Accuracy': accuracy_list,
‘Precision's precision_list,
‘Recall': recall_list,
'Fi-Seore': f1_list,
"Epoch’; epoch_Llist
3]
summary_df.loc['Average'] = sumsary_df mean(numeric_only=True)
sunmary_df . to_excel(os.path.joinCresult_dir, #'{input_file}_summary.xlsx'}}
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