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__(self, CNN_params):
NN, self)._ init_ ()
self.layerl = nn.Sequential(
nn.Conv2d(3, CNN_params
nn.BatchNorm2d (CNN_params [
nn.RelLU(),
n.MaxPool2d(kernel_size=2, stride=2)
)
self.layer2 = nn.Sequential(
nn.Conv2d (CNN_params[ "1[@], CNN_params["“c 1[1], kernel_size=5
, stride=1, padding=2),
nn.BatchNorm2d (CNN_params[“conv_channels”][1]),
nn.RelLU(),
nn.MaxPool2d(kernel_size=2, stride=2)
)
self.flatten = nn.Flatten()

torch.randn(1, 3, 64, 64)
self.layerl(x)
= self.layer2(x)
= self.flatten(x)
self.flattened_size = x.shape[1]

self.fcl = nn.Sequential(
nn.Linear(self.flattened_size, CNN_params["
nn.RelLU(),
nn.Dropout(CNN_params[ "dr

)
self.fc2 = nn.Sequential(

nn.Linear(CNN_params["“fc_out"][@], CNN_params["“fc_
nn.RelLU(),
nn.Dropout (CNN_params [ "dropo es"][1]),

)

self.fc3 = nn.Linear(CNN_params["“fc_out"]J[1], CNN_params["“num_c

forward(self, x):

out = self.layerl(x)
self.layer2(out)
self.flatten(out)
self.fcl(out)
self.fc2(out)
self.fc3(out)

return out

CNN_params
"ir

[32, 64],
[512, 128],
: [0.0, 0.2],

}
batch_size=256

device = torch.device('cuda’' if torch.cuda.is_available() e
print(device)

model = CNN(CNN_params).to(device)

criterion = nn.CrossEntropyLoss()

optimizer = torch.optim.Adam(model.parameters(), 1r=CNN_params[




Models Comparison

Training Accuracy

Validation Accuracy
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Models Comparison

Training Loss
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Validation Loss

Loss.
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Loss.
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SR

0.5 0.5
0.0 0.0
0 10 20 30 40 50 0 10 20 30 40 50
Epochs Epochs
—— Real CNN —— Real CNN with fft absolute inputs ~ —— Real CNN with fft real and imaginary inputs
—— Complex CNN classification with abs ~—— Real CNN with fft phase inputs
RVNN FFT RVNN FFT RVNN FFT CVNN abs N
real | | imag abs input phase input output
Test Accuracy 0.62 0.53 0.27 0.56 0.57
Best Validation Accuracy 0.62 0.52 0.31 0.62 0.57
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ComplexSigmoid(nn.Module):
__init_ (self):
super(ComplexSigmoid, self). init ()

forward(self, x):
return nn.sigmoid(x.real) + 1j * nn.sigmoid(x.imag)

INQN [9IN2 N7XI9N NI W GRU nwan 2w [N2Th 211 NN I

GRU{nn.Module):
nit_ (self, input_size, hidden_size, num_layers, dropout=e., batch first=
) , self)._ init ()
self.real gru = nn.GRU(input size, hidden size, num layers, dropout=dropout,
batch first=batch first)
self.imag_gru = nn.GRU(input_size, hidden_size, num_layers, dropout=dropout,
batch_first=batch_first)

forward(self, input, hidden=
real input = input.real
imag_input = input.imag

if hidden :
real hidden = hidden.real.contiguous()
imag_hidden = hidden.imag.contiguous()

real hidden
imag_hidden

real output, real_hn = self.real gru(real input, real_hidden)
imag output, imag hn = self.imag gru(imag input, imag hidden)

output = real_output.type(torch.complex64) + 1j * imag output.type(torch.complex64)
hn = real_hn.type(torch.complex64) + 1j * imag_hn.type(torch.complex64)

return output, hn
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GRU(nn ule):

(self, args, hidden_size=128, num_layers=2, dropout=0., win_len=1024, number_of_direction=36):
,self)._init_ ()

self.args = args

freqs = (win_len // 2 + 1)

self.num_layers = num_layers

self.hidden_size = hidden_size

self.number_of_direction = number_of_direction

self.num_of_ frames = 386

gru_input_size = 1092

hidden_size = 128

self.cnnl = ComplexConv2d(in_channels=1, out_channels=1, kernel_size=(21,5), stride=1, padding=0)
self.cnn2 = ComplexConv2d(in_channels=1, out_channels=1, kernel_size=(21,5), stride=1, padding=0)
self.cnn3 = ComplexConv2d(in_channels=1, out_channels=1, kernel_size=(21,5), stride=1, padding=0)
self.maxpool = ComplexMaxPool2d((5, 2), padding=(2, 0))

self.time_rnn Comple U(gru_input_size, hidden_size, num_layers, batch_first=T , dropout=dropout)
self.time_fcl = ComplexLinear(hidden_size, hidden_size)
self.time_fc2 = ComplexLinear(hidden_size, 1)

self.activation = Compl 0id()

forward(self, x, states=N

& num of directior

B il € x.shape
if states \ 3
states x.new_zeros((self.num_layers, B, self.hidden_size))

x.reshape(B*T, 1, F, C)
self.cnnl(x)
self.cnn2(x)
self.cnn3(x)
self.maxpool(x)

x.reshape(B, T, -1)
time_rnn_out, states = self.time_rnn(x, states)

= self.time_fcl(time_rnn_out)
= complex_relu(out)
= self.time_fc2(out)
mask = self.activation(out)
if self.args.output_type = 3
mask = (mask.angle() + t pi) / (torch.pi*2)
elif self.args.output_type == ' 2
mask = mask.abs()
else:
print("
exit()
urn mask
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angle pred = min(langle pred — angle label],
1 — |angle pred — angle label|) + angle label

.MAE2 nwnnwin NnK NIL?jpn v 0'0oLN IX?1,MSE 21w'na nwnNwn 17 [IN'RN 17002

2'2nw label-n 9"y DNAW D702 P UXINN D170 AN 127 DPYNAL,DTIPA IININRY 19]YW ,A1W 1)
DT e VAD

[IN'™~N '70N
:D'NIN DMLNIAN NX 772 [IN'RN 90N

Max epochs: 35 e
Batch size: 8 o
Learning rate: 0.0001 e
Adam optimizer e

:12N11Y 0'V7PNI DIIYN DINTPAN DTIAY? DNNNA NINYIN NIDIINN MI7'Y 9IX)

D"11'2NN TNX 22712V NN NN %W uxinn — 1 'on 1Ay

NN bo 1Y

train_loss_per_epoch =] 1;[ r
441 %

Start End Start End

Run Min + Max Value Value AValue 2% Step Step
® RVCNN_angle_input 0.0012 0.0161 0.0761 0.0017 +0.0144  +-90% 34
® RVCNN_Zchannels_input 0.0017 0.0281 0.0281 0.0056 +0.0225 +-80% 0 33
® RVCNN_real_input 0.0019 0.0437 0.0437 0.0056 +0.0382  +-87% 0 34
RVCNN_abs_input 0.0029 0.0372 0.0372 0.0045 +0.0326 +-88% 0 34
® RVCNN_imaginary_input 0.00471 0.0551 0.0551 0.0041 +0.05117  +-93% 34
@® CVNN_complex_input_abs_output  0.0053 0.0317 0.0317 0.0054 +0.0263 +-83% 0 18
® CVNN_complex_input_angle_output 0.0298 0.046 0.046 0.0298 +0.0167  +-35% 0 30
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val_loss_per_epoch £ & o

0.03
0.02
0.01
Start End Start End
Run Min + Max Value Value AValue A% Step Step
@ RVCNN_angle_input 0.0011 0.0132 0.0132 0.0012 v0.012 +-91% 0 34
@® RVCNN_2channels_input 0.0014 0.0107 0.005 0.0046 +0.0004 +-8% 0 34
@ RVCNN_real_input 0.002 0.0194 0.0137 0.0173 +0.0036 +26% 0 34
@ RVCNN_abs_input 0.0025 0.0483 0.0483 0.0059 10.0424 4-88% 0 34
@ RVCNN_imaginary_input 0.0037 0.0326 0.0326 0.0037 v0.029  +-89% 0 34
@® CVNN_complex_input_abs_output  0.0042 0.0135 0.0135 0.0042 +0.0093  +-69% Q 18
® CVNN_complex_input_angle_output 0.0299 0.0405 0.0405 0.0299 +0.0106  +-26% 0 30
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GCC-PHAT -2 'on 1iaw

(NN O 1Y
train_loss_per_epoch B F o
0.04
0.03
0.02
0.01
0% 5 10 15 20 25 30 34 %5 40
Start End Start End
Run Min+ Max  Value Value AValue A% Step Step
@ CVCNN_complex_input_abs_output  0.0007 0.0172 0.0172 0.0021 +0.0151  4-88% 34
® RVCNM_real_input 0.0009 0.0198 0.0198 0.0012 +0.0185 4-94% 34
@® RVCNN_imaginary_input 0.0011 0.0244 0.0244 0.0016 +0.0228  4-93% 34
@ RVCNN_2channels_input 0.0011 00746 0.0146 0.0076 +0.013 +-89% 0 33
® RVCNN_angle_input 0.0024 0.0669 0.02 0.0064 +0.0136  +-68% 0 34
® RVCNN_abs_input 0.0032 0.0293 0.0293 0.0051 +0.0242  +-83% 0 21
® CVCNN_complex_input_angle_output 0.0289 0.0396 0.0396 0.0289 +0.0107  +-27% 0 34



:NINT2IN DO 1AV

val_loss_per_epoch [ JF' g
0.04
0.03
0.02
0.01
0 x 5 10 15 20 25 30 35
Start End Start End
Run Min+ Max  Value Value AValue A% Step Step
@ CVCNN_complex_input_abs_output  0.0006 0.0038 0.0038 0.0014 +0.0025 w-64% 0 34
® RVCNN_real_input 0.0008 0.0075 0.0027 0.0011 +0.0016 vw-60% O 34
® RVCNN_imaginary_input 0.0009 0.0044 0.0044 0.0079 +0.0025 ¥-56% 0 34
® RVCNN_2channels_input 0.001 0.0024 0.0022 0.0013 +0.0009 +-42% 0 33
® RVCNN_angle_input 0.0018 0.0666 0.0051 0.0023 +0.0028 4-55% 34
® RVCNN_abs_input 0.0033 0.0115 0.0049 0.0045 +0.0004 +-8% 0 21
® CVCNN_complex_input_angle_output 0.0291 0.0317 0.0313 0.0291 +0.0022 4% 0 34
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file_01 file_02

B CVNN abs output

file_04 file_05
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Preprocess 1 Dataset - MAE Test Results

file_06

B RVNN 2 channels

file_07 file_08

W RVNN abs input

file_09 file_10

B RVNN angle input

file_11 file_12

W RVNN imaginary input

v

file_13 file_14 file_15 Average
clean+

noise

RVNN real input

:0190N D'Vl

RVNN 2 RVNN RVNN RVNN RVNN CVNN CVNN
File Name abs angle imaginary real abs angle
channels . . . .
input input input input | output | output
Average
MAE
13.61 13.92 13.47 26.39 19.37 25.59
clean +
noise
Average
MAE 12.87 14.14 13.21 26.55 21.34 20.13
clean
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file_01 file_02 file_03 file_04 file_05 file_06 file_07 file_08 file_09 file_10 file_11 file_12 file_13 file_14 file_15 Average  Average
clean + clean
noise

B CVNNabsoutput ~ EMCVNNangle output ~ MRVNN 2channels ~ WIRVNN absinput M RVNN angleinput B RVNN imaginary input RVNN real input
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RVNN RVNN RVNN RVNN CVNN
) RVNN 2 o CVNN abs
File Name abs angle imaginary real angle
channels . . . . output
input input input input output
Average
MAE
12.33 18.90 12.17 14.11 14.94 15.98
clean +
noise
Average
MAE 7.64 12.92 8.27 7.57 7.24 5.45
clean
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