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JTIOJATOK A

Po3paxyHku 0o0YUCITIOBaIBLHOT Ta 00’ €MHOI CKJIATHOCTI QJITOPUTMY BUIIJICHHS

O3HaK IJIA IroJIOCOBOI'O CUTHATY

ITo3naunmo:

F=78 — xinpKicTh (hparMeHTiB AJi aHAMTI3Y;

L=256 — noBxuHa parmMeHTa y cemiiax;

N=512 — po3mip FFT;

M=78 — KUJIbKICTh MEJI-PiIBTPIB;

K=2N+1=257 — po3mip 0JJHOCTOPOHHBOT'O CIIEKTpA.

3aranpHa KUIbKICTb BIJIIKIB BX1AHOTO curHaiy: F-L=78-256=19968.

JIJist po3piIPKEHOr0 T0IaHHs MeN-(UIFTPIB BUKOPUCTOBYEMO BIACTHBICTh
TPUKYTHOTO MEN-PIIBTPOOAHKY: KOKEH CIEKTpaIbHUI O1H Oepe yuacTh He OLTbII
HIX Y JIBOX CYCIJTHIX MeJN-(DUIbTpax, TOOTO KUIbKICTh HEHYJIHOBUX KOEQIIIE€HTIB
MaTpuil GuIbTpoOaHKy oOMekeHa 3BepXy BennunHow 2K=514.

[1ix yac po3paxyHKy HE BpaxOBYIOThCS OMepallii oprasizamii QUKIIB (Tak
AK 1€ 3aJeKUTh B1J] KOHKPETHOI peajizailii), a TaKoXX MOPIBHSHHS 1 omeparii
JOCTYITy 10 TIaM’SITi.

Etan 1: momin Ha 78 pparMeHTiB 1o 256 BIIIIKIB 1 HOpMaTi3alis.

®parMeHTH KOMiIOIThCS Y MaTpuilro 78%256. Ha iboMy % eTtari JOIJIEHO
OprasizyBartu HOpMaJTI3aIlio, BUKOPHUCTOBYOUHN IIPUBEICHHS 10
niama3ony [-1, 1], mo moxae 19968 omepartiii aijieHHS.

Etan 2: npe-emdazuc.

3rigHo Gopmynu:

y[n]=x[n]—ax[n—1],n:1,...,255 (A.1)

Jlsist omHOTO (hparMeHTa: MHOXKEHB: 255, BigHIMaHb: 255.
s BCHOT'O CUTHANY: MHOKEHb: 78-255=19890,

BimHIMaHb: 19890 (cymapuo 39780 apudmerrnunux omepartiii).
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Eram 3: 3acTocyBaHHs BikHa XaHHa.

3rigHo popMyIIn:

x,[n]=x[n]-w[n] (A.2)

Jl1is onHOTO (pparMeHTa: MHOXKEHb: 256.

JI71s1 BChOTO CUTHAJTY: MHOKEHB: 78-256=19968

Etan 4: o6uncinenHs CriekTpy.

CnoyaTKky BUKOHYEThCS HYJIbOBE JOMOBHEHHA 10 N: 1 KOXXKHOTO
(dparmMeHTa KOMIIOIOTHhCS 256 HAsBHUX BIUIIKIB, 3alUCYIOThCA 256 HYJIIB.
OoOuncmoerbest  onepauiss neperBopeHHss Dyp’e posmipy N. PosrmsHyTo
peamizamito «radix-2 butterfly» anroputmy FFT. OOuncrnenHs mia yac
1HII1aTi3al11i1 HE BpaXxOBaHO, TaK SIK BOHM BUKOHYIOTHCS OJIUH pa3, a iX pe3yJibTaT
30epiraeTbCsi Ta BUKOPUCTOBYETHCS TMPOTIATOM YChOIO Yacy BUKOHAHHS
aJITOPUTMY.

Ha koxHiit butterfly-iTepaniii HUKIIYHO BUKOHY€ETHCS KO/

m := ia + N2

re temp := ¢ * data[2*m] + s * datal[2*m+1]

im temp := ¢ * data[2*m + 1] - s * data[2*m]

data[2*m] := data[2*ial-re temp

data[2*m+1] := data[2*ia+l]-im temp

data[2*ia] := datal[2*ia]+re temp

data[2*ia+l] := data[2*ia+l]+im temp

Ha 1 butterfly MaeMO MHOKEHb: 16 Ta

JoJaBaHb/BiIHIMaHb: 13 (cymapHo 29 omnepaiiiif).

Kinbkicte cragiit nns anropurmy radix-2 Cooley—Tukey BU3HayaeThCs SIK:

S=log, N =log,512=9 (A.3)

Kinekicts butterfly-irepariiit Ha craairo:
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N,=N/2=512/2=256 (A.4)

Ha koxHiit cTazii Tako)X BUKOHYIOTHCS HaCTYIHI CTPOKH KOJTY:

c = w[2*7j]
S 1= w[2*]+1]
ia += N2

OTxe, MOJATKOBO Ha KOXHIA CTaaii MaeMO JOAATKOBI 2 omeparii
J0/1aBaHHs Ta 2 omepallii MHOKEHHs (cymapHO 4 orepairii). 3arajiom Ha OAHIN
cTajili MaeMo apu(PpMETHUHUX onepanii: 29-256+4=7428.

Jl1s1 Bcboro BikHA MaeMo onepartiii: 9-7428=66852.

J1J1st BChOTO CUTHAITY KUJIBKICTh OTepaliiii CTaHOBUTh: 78-66852=5214456.

OcTaHHBOIO OIEpalli€l0 I[BOTO €Talmy € OOYHUCICHHS CHEKTPaJbHOI

MOTYKHOCTI JiJ1s KO>kHOTO 3 K G1HIB OJTHOCTOPOHHBOTO CIIEKTpa 3a (popMyII0¥o:

P[k]=R(X k] +3(X k] (A.S)

Ha omgun men-0iH: 2 MHOKEHHS, 1 101aBaHHS.

Jyist omHOTO (hparMeHTa: MHOXEHB: 2-257=514, nonaBanb: 257.

J{nst Bcboro curHainy: MHOXeEHb: 78-514=40092, nonaBans: 78-257=20046
(cymapno — 60138 omepariif).

Etan 5: 3acTocyBaHHs Meln-(UIBTPIB.

Hexaii nnzy — KUIbKICTh HEHYJIBOBUX KOE(DIIIEHTIB MEI-PIIbTPOOAHKY .

JIJist TPUKYTHUX JIOKaNbHUX GiabTpiB: nnzy <2K = 514.

OTxe, ISl KOKHOTO HEHYJIHOBOTO KOe(iI[ieHTa BUKOHY€EThCS: MHOXKEHB: 1,

J0/1aBaHb JI0 aKyMYJIsITOpa BIJMOBITHOTO Mel-KaHay: 1.

BepxHst orinka Juist oqHOTO parMeHTa: MHOXeHb: 514, nonaBanb: 514.

Jis BCHOI'O CUTHAITY: MHO>KEHb: 78-514=40092,
nonaBanb: 78-514=40092 (80184 apudmeTnyni onepariii).

Etan 6: mepeTBopeHHs y AeruOeny.

3rigHo GpopMyr:
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max ( P,amin
L. =10log,, (%J, (A.6)
L =max(L,L,, —topdb) (A.7)

Jliist omHOTO hparMeHTa:

— nineHHd Ha ref: minens: 78, 3anucis: 78.

— 00UYHnCIEHHS JECATKOBOTO Jorapudmy: Jorapudmis: 78, MHOXKEHB: 78,
(Tak AK JMECATKOBHM Jiorapu(m OOUUCTIOETHCS HAa OCHOBI HATYypaJIbHOTO uepes
MHOKEHHS Ha KOHCTaHTY).

— MHOkeHHS Ha 10: MHOXEHB: 78.

— obuncneHHs Lyax-topdb: BigHiMaHb: 1.

Jlns  Bcboro curHamy: auieHn: 78-78=6084, morapudmi: 6084,
MHOXeHb: 12168, BinHimMaHb: 78 (cymapHo 24414 apudmeTndHi onepaiiii).

Etan 7: oO’ennanns ¢parmeHTiB y (QiHAIbHY MATPUII0O O3HaK Ta
HOpMaJTi3allis.

Hopmamizariis BUKoHyeThes 3a HOPMYIIOH0:

z=2"H (A.9)

@dinanpbHa MaTpHI O3HAK MICTHTH 78%X78=6084 enemeHtiB. SIKino
pe3yibTaT  KOXHOTO  ¢dparMeHTa  MIIJAEThCS  TEPETBOPEHHIO  3TITHO
dbopmynu (b.9): maemo BigHimManb: 6084, ninens: 6084 (cymapno: 12168
apuMETHYHI orepartii).

VY niacymky, U1 BCbOTO CUTHaITy Maemo oneparliii: 5471076.

Jani, mo 30epiraloThCs MPHU IHIMAMI3AIi Ta 30€piraloThCs MPOTITOM

BUKOHAHHS AJITOPUTMY:
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— koe(dimienTn BikHa XanHa: 256 koed., Tun ganux: float32,
oocsr: 256-4=1024 b=1,00 Kib;

— twiddle-koedimieaTn: 512  3Hayenp, Tun gaHux: float32,
oocsar: 512-4=2048 b=2,00 Kib;

— lookup-tabmuii  ans  6iToBoi  mepectaHoBku: 480  3HAYEHB,
THI JaHuXx: uint16, oocsr mam’ari: 480-2=960 b;

— Me-pUTbTpH (TIPU PO3PIHKEHOMY MOJIaHH] ): 3HaYeHHS KoediieHTiB: 514
koed., Tmm ganux: float32, o6car: 514-4 2056 b=2,01 Kib; immekcu
croBmiiB: 514 1ua., Thn pgaHux: uintl6, o6car: 514 2=1028 b=1,00 Kib;
BKa31BHUK PsZKiB: 79 1HA., TUN AaHuX: uintl6, oocsr: 79 2=158 b=0,154 Kib.
Pazom miist men-ginsTpis: 2056+1028+158=3242 b=3,17 Kib.

Tabmuusa A.1 — XapakTepucTuku 00’ €My MacHuBIB, 1110 BAKOPUCTOBYIOThCS

B aJITOPUTMI

Macus Po3mip Tun manux | O0csr

Bxigauii curaan 19968 intlé 39936B = 39,0 Kib
®parMeHTOBaHUN CUTHAI 78%x256=19968 float32 79872B = 78,0 Kib
ITicist OMOBHEHHS 78x2x512=79872 float32 319488B = 312,0 Kib
[ToTyxHICTb cIIEKTpa 78%257=20046 float32 80184B = 78,3 Kib
Merncnekrporpama 78x78=6084 float32 24336B = 23,8 Kib

Otxe, cyMapHuid 00CsT mam’4Ti, HEOOX1IHOI JUIsl BUKOHAHHS aJITOPUTMY
(32 yMOBHM CTaTMYHOTO BHU[IJIEHHS), BPaxOBylOuM MacuBu 3 Tabmuui b.1 Ta
monoMikH1 gaHi, ckiagac: 39936 b+79872 b+319488 b+80184 b+24336 b+
+1024 b+2048 b+960 b+3242 b= 51090 b~538,2 Kib.

3a yMOBU JUHAMIYHOTO BUUICHHS MaM’ STl HAa KOKHOMY eTari o0poOku (3
BUBUIbHEHHSIM HEBUKOPUCTOBYBAHUX JJAHUX) Ta 30€pEeKEHHS JIMIIE KOE(ILI€HTIB
BikoHHOI (yHkmii, Twiddle, men-dinbTpiB Ta Tabmuill mepecTaHOBOK OITiB,
MakCUMaJIbHUIl  0o0ciar  3aiiMaHol 1maM’gTl  CKJIaJe: 1024 b+2048 b+

+960 b+3242 b+319488 b=326762 b=319 Kib.
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JTONATOK B

[Iporpamuunii kox

Jlictunr b.1 — ®opmyBanHs HabOpy TaHUX
# Combine all DataFrames into a single DataFrame
combined df = pd.concat (
# dataframes with filename and emotion columns
# containing corresponding datasets
[cremad df, ravdess df, surrey df,
toronto df, urdu df, emodb df,
resd df, mesd df, noise df],
ignore index=True
)
# Show summary of the combined dataset
print (combined df.head())
print ("\nCombined dataset shape:", combined df.shape)
print ("\nEmotion value counts:\n",
combined df['emotion'].value counts())
# Map some emotions to 'neutral'
replace map = {
'calm': 'neutral',
'enthusiasm': 'neutral',
'boredom': 'neutral'

}

combined df['emotion']

combined df['emotion'].replace (replace map)
# Remove 'pleasant', 'surprise' emotions from the combined
DataFrame

combined df
combined df[~combined df['emotion'].isin(['pleasant',
'surprise']) ]

# Show summary of the combined dataset

print (combined df.head())

print ("\nCombined dataset shape:", combined df.shape)



130
[Iponorxenus mictunry b.1
print ("\nEmotion value counts:\n",

combined df['emotion'].value counts())

Jlictunr b.2 — Ilonepenns o0poOka HabOpy JaHUX

import os

import pandas as pd

import librosa

import soundfile as sf

import numpy as np

import webrtcvad

from tgdm import tgdm

output dir = "F:/speech emotions dataset"

os.makedirs (output dir, exist ok=True)

target sr = 8000

segment length = 2.5 # Target segment length, seconds
min remainder = 1.0 # Minimum length of the final segment

to keep, seconds

vad mode = 2 # Aggressive VAD mode

frame duration ms = 30 # Frame size for VAD (10, 20, or 30
ms)

max silence ms = 200 # max allowed silence gap to merge

into speech

min voiced ms = 300 # minimum length of voiced region to
keep

global idx = 0

vad = webrtcvad.Vad (vad mode)

frame size = int(target sr * frame duration ms / 1000)
max silence frames = max silence ms // frame duration ms
min voiced frames = min voiced ms // frame duration ms

new rows = []
for s row in tgdm (combined df.iterrows (),
total=len (combined df)):
filename = row["filename"]

emotion = row["emotion"]
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[Iponorxenus aictunry b.2
try:
y, sr = librosa.load(filename, sr=target sr,
mono=True)
except Exception as e:
print (f"Failed to load {filename}: {e}")
continue
# WebRTC VAD with gap merging (skip for "noise" class)
if emotion != "noise":
y pcm = (y * 32768) .astype(np.intl6)
num frames = len(y pcm) // frame size
speech flags = []

for 1 in range (num frames) :

start = i1 * frame size
end = start + frame size
frame = y pcm[start:end]

if len(frame) < frame size:
speech flags.append(False)
continue
speech flags.append(vad.is speech (frame.tobyte
s(), target sr))
# Gap merging
merged flags = speech flags.copy ()
silence count = 0
for 1 in range(len(speech flags)):
if not speech flags[i]:
silence count += 1
else:
if 0 < silence count <= max silence frames:

# merge small silence gap

for j in range(i - silence count, 1):
merged flags[j] = True
silence count = 0

# Extract voiced regions

voiced segments = []
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[Iponorxenus aictunry b.2

start frame = None
voiced count = 0
for i1, flag in enumerate (merged flags):
if flag:
if start frame is None:
start frame = 1
voiced count += 1
else:
if start frame is not None:
if voiced count >= min voiced frames:
s = start frame * frame size
e = 1 * frame size
voiced segments.append(y pcm[s:e])
start frame = None
voiced count = 0
# Handle trailing speech segment

if start frame is not None and voiced count >=

min voiced frames:

s = start frame * frame size

e = len(y pcm)
voiced segments.append(y pcm[s:e])
if len(voiced segments) == 0:
continue
# Concatenate voiced segments
y _pcm = np.concatenate (voiced segments)
y = y_pcm.astype (np.float32) / 32768.0
# Segmentation
samples per segment = int (segment length * target sr)
min remainder samples = int(min remainder * target sr)

total samples = len(y)

if total samples == O0:
continue
num segments = total samples // samples per segment

for 1 in range (num segments) :
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start = 1 * samples per segment
end = start + samples per segment
segment = y[start:end]
new filename = f"sample {global idx}.wav"
sf.write(os.path.join (output dir, new filename),
segment, target sr)
new rows.append([new filename, emotion])
global idx += 1
*

remainder =  total samples - num segments

samples per segment

if remainder >= min remainder samples:

start = num segments * samples per segment
segment = y[start:]
new filename = f"sample {global idx}.wav"

sf.write(os.path.join(output dir, new filename),
segment, target sr)
new rows.append([new filename, emotion])
global idx += 1
new metadata df = pd.DataFrame (new rows,
columns=["filename", "emotion"])
print (new metadata df.head())
print ("\nCombined dataset shape:", new metadata df.shape)
print ("\nEmotion value counts:\n",
new metadata df['emotion'].value counts())
new metadata df.to csv(os.path.join (output dir,

"metadata.csv"), index=False)

Jlictuar b.3 — Buninenas o3Hak
class AudioToSpec (torch.nn.Module) :

def init (self, sample rate=8000, target len=2.5,

n mels=78,
n fft=512, hop length=256, augment=True) :

super (). init ()

self.sample rate = sample rate
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[Iponorxenus nictunry b.3

self.target len = int (sample rate * target len /

hop length)

# Pre-emphasis
self.preemph = T.Preemphasis (coeff=0.97)
# Spectrogram pipeline
self.spectrogram = T.Spectrogram(n fft=n fft,
hop length=hop length,
power=None,
center=False)
self.melscale = T.MelScale(n mels=n mels,
sample rate=sample rate,
n stft=n f£ft//2+1)
self.db = T.AmplitudeToDB (stype="power", top db=80)
self.augment = augment
if self.augment:
# SpecAugment pipeline
self.stretch =

T.TimeStretch (hop length=hop length, n freg=n fft//2+1)

self.freq mask =

T.FrequencyMasking (freq mask param=20)

self.time mask =

T.TimeMasking (time mask param=5)

def pad or trim spec(self, spec):
_, time = spec.shape
if time > self.target len:
spec = spec[:, :self.target len]
elif time < self.target len:
pad time = self.target len - time

spec = torch.nn.functional.pad(spec, (O,

pad time, 0, 0))

return spec
def forward(self, waveform) :

# Pre-emphasis
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[Iponorxenus nictunry b.3
waveform = self.preemph (waveform)
# Spectrogram
spec = self.spectrogram(waveform)
if self.augment:
# SpecAugment
rate = np.random.uniform (0.8, 1.2)

spec = self.stretch(spec, overriding rate=rate)

power spec = spec.abs () .pow(2)

if self.augment:

# SpecAugment

power spec self.freq mask (power spec)

power spec = self.time mask (power spec)
# Pad/trim spectrogram to target shape
power spec =

self.pad or trim spec(power spec.squeeze (0))

# Spectrogram — MelScale — dB
mel = self.melscale (power spec)

mel db = self.db(mel)

if self.augment:
noise = torch.randn like (mel db)

mel db += noise

return mel db
class EmotionDataset (Dataset) :
def  init (self, dataset path, sample rate=8000,
target len=2.5,
n mels=78, n fft=512, hop length=256,
augment=True) :

self.audio dir = dataset path
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[Iponorxenus nictunry b.3
self.df = pd.read csv(os.path.join(self.audio dir,

"metadata.csv"))

self.label map = {label: 1idx for 1idx, label in
enumerate (
sorted(self.df['emotion'] .unique())
)}
self.processor = AudioToSpec (sample rate,

target len, n mels,
n fft, hop length,
augment)
def len (self):
return len(self.df)
def getitem (self, 1idx):

row = self.df.iloc[idx]

filepath = os.path.join(self.audio dir,
row['filename'])
waveform, sr = torchaudio.load(filepath)
spec = self.processor (waveform) .unsqueeze (0)
label = self.label map[row["emotion"]]

return spec, label

Jlictunr b.4 — CtpatudikoBanuii MOALT HA HABYAJIbHY Ta TECTOBY BUOIPKHU

3 OajaHCyBaHHSIM
def stratified split(dataset, test fraction=0.2, seed=42):
labels =
dataset.df['emotion'] .map (dataset.label map) .to numpy ()
rng = np.random.RandomState (seed)
indices = np.arange(len(labels))
train idx = []
test idx = []
for cls in np.unique (labels):
cls indices = indices[labels == cls]
rng.shuffle(cls indices)

n test = int(len(cls indices) * test fraction)
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[Iponorxenus nictunry b.4
if test fraction > 0 and n test ==
n test =1
test sel = cls indices[:n test]
train sel = cls indices[n test:]
test idx.extend(test sel.tolist())
train idx.extend(train sel.tolist())
rng.shuffle(train idx)
rng.shuffle (test idx)
return train idx, test idx
full dataset = EmotionDataset (
DATASET PATH,
sample rate=SAMPLERATE,
target len=FIXED SECONDS,
n mels=N MELS,
n fft=N FFT,
hop length=HOP LENGTH
)
features root = os.path.join (DATASET PATH, "features")
os.makedirs (features root, exist ok=True)

os.makedirs (os.path.join (features root, "train"),

exist ok=True)

os.makedirs (os.path.join (features root, "test"),

exist ok=True)

"w")

label map = full dataset.label map
with open(os.path.join(features root, "label map.json"),
as f:
Json.dump (label map, £, indent=4)
n classes = len(label map)

train idx, test idx = stratified split(full dataset,

TEST SUBSET SIZE, seed=42)

train ds = Subset (full dataset, train idx)
test ds = Subset (full dataset, test idx)
print (f"Full dataset size: {len(full dataset)} samples")

print (f"Train dataset size: {len(train ds)} samples")
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[Iponorxenus nictunry b.4
print (f"Test dataset size: {len(test ds)} samples")
# Build class-balanced sampler for training
train labels = [full dataset.df.iloc[i]['emotion'] for i in
train idx]
train label ids = np.array([full dataset.label map[l] for
1 in train labels])
# Build class-balanced sampler for testing
test labels = [full dataset.df.iloc[i]['emotion'] for 1 in
test idx]
test label ids = np.array([full dataset.label map[l] for 1
in test labels])
train class counts = np.bincount (train label ids,
minlength=n classes)
test class counts = np.bincount (test label ids,
minlength=n classes)
print ("Train:", train class counts)
print ("Test:", test class counts)
generator = torch.Generator () .manual seed(42)
train sampler = WeightedRandomSampler (
1.0 / train class counts[train label ids],
num samples=len(train label ids),
replacement=True,
generator=generator
)
test sampler = WeightedRandomSampler (
1.0 / test class counts[test label ids],
num samples=len(test label ids),
replacement=True,

generator=generator
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Jlictunr B.5 — ITo6ynoBa moaeni «Vanilla CNN»
import torch
import torch.nn as nn
class AudioVanillaCNN (nn.Module) :
def init (

self,

num classes,

depth=3,

base channels=16,

width mult=1.0,

use batchnorm=False,

use stride conv=False

super (). init ()
layers = []
in channels = 1
out channels = int (base channels * width mult)
for in range (depth):
stride = 2 1f use stride conv else 1

layers.append (
nn.Conv2d (
in channels,
out channels,
kernel size=3,
stride=stride,
padding=1,

bias=not use batchnorm

)
if use batchnorm:
layers.append (nn.BatchNorm2d (out channels))
layers.append(nn.RelU (inplace=True))
if not use stride conv:
layers.append (nn.MaxPool2d (2))

in channels = out channels



140
[Iponorxenus aictuHry b.5

out channels = int (out channels * 2)

self.features = nn.Sequential (*layers)

self.global pool = nn.AdaptiveAvgPool2d (1)
self.classifier = nn.Linear (in channels,
num classes)
def forward(self, x):

self.features (x)

X

X self.global pool (x)

X = torch.flatten(x, 1)

return self.classifier (x)

Jlictunr b.6 — ITo6ynoBa moaeni «MobileNet V1* ta V2%
import torch

import torch.nn as nn

import torch.nn.functional as F

import math

def make divisible (v, divisor=8):

return int (math.ceil (v / divisor) * divisor)

class DepthwiseSeparableConv (nn.Module) :

def  init (self, in channels, out channels, stride):
super (). init ()
self.depthwise = nn.Sequential (

nn.Conv2d(in_channels, in channels, 3, stride,
padding=1, groups=in_ channels,
bias=False),
nn.BatchNorm2d (in channels),
nn.RelLU (inplace=True)
)

self.pointwise = nn.Sequential (
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[Iponorxxenus nictunry b.6
nn.Conv2d(in channels, out channels, 1,

bias=False),

nn.BatchNorm2d (out channels),

nn.RelLU (inplace=True)

)
def forward(self, x):

self.depthwise (x)

X

X self.pointwise (x)
return x
class AudioMobileNetVl1 (nn.Module) :
def  init (self, num classes, width mult=1.0,
depth mult=1.0):
super (). init ()
alpha = width mult
rho = depth mult
def c(ch):
return make divisible(ch * alpha)
input channel = c(32)
self.convl = nn.Sequential (
nn.Conv2d(1l, input channel, 3, stride=2,
padding=1, bias=False),
nn.BatchNorm2d (input channel),
nn.RelLU (inplace=True)
)

# (out channels, stride, repeats)

cfg = [
(64, 1, 1),
(128, 2, 2),
(256, 2, 2),
(512, 2, 6),
(1024, 2, 2),

]

layers = []

for out ¢, stride, repeats in cfg:
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[Iponorxxenus nictunry b.6
out channel = c(out c)
repeats = max(l, int(math.ceil (repeats * rho)))
for 1 in range (repeats):
S = stride if i == 0 else 1
layers.append (
DepthwiseSeparableConv (input channel,
out channel, s)
)
input channel = out channel
self.features = nn.Sequential (*layers)
self.global pool = nn.AdaptiveAvgPool2d (1)
self.fc = nn.Linear (input channel, num classes)
def forward(self, x):
X = gelf.convl (x)
x = self.features (x)
x = self.global pool (x)
X = torch.flatten(x, 1)
return self.fc(x)
class InvertedResidual (nn.Module) :
def  init (self, in channels, out channels, stride,
expand ratio):
super () . init ()
hidden dim = int (round(in_ channels * expand ratio))
self.use res connect = stride == 1 and in_channels
== out channels
layers = []
if expand ratio != 1:
layers.extend ([
nn.Conv2d(in_ channels, hidden dim, 1,
bias=False),
nn.BatchNorm2d (hidden dim),
nn.RelLU6 (inplace=True)
1)

layers.extend ([
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nn.Conv2d(hidden dim, hidden dim, 3, stride,
padding=1, groups=hidden dim,
bias=False),
nn.BatchNorm2d (hidden dim),
nn.RelLU6 (inplace=True),
nn.Conv2d (hidden dim, out channels, 1,
bias=False),
nn.BatchNorm2Zd (out channels),
1)
self.conv = nn.Sequential (*layers)
def forward(self, x):
if self.use res connect:
return x + self.conv(x)
return self.conv(x)
class AudioMobileNetV2 (nn.Module) :
def  init (self, num classes, width mult=1.0,
depth mult=1.0):
super (). init ()
alpha = width mult
rho = depth mult
def c(ch):
return make divisible(ch * alpha)
input channel = c(32)
last channel = 1280 if alpha <= 1.0 else c(1280)
self.convl = nn.Sequential (
nn.Conv2d(1l, input channel, 3, stride=2,
padding=1, bias=False),
nn.BatchNorm2d (input channel),
nn.RelLU6 (inplace=True)
)
# t, ¢, n, s
inverted residual setting = [
(1, 16, 1, 1),
(6, 24, 2, 2),
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(6, 32, 3, 2),
(6, 64, 4, 2),
(6, 96, 3, 1),
(6, 160, 3, 2),
(6, 320, 1, 1),
]
layers = []
for t, c out, n, s in inverted residual setting:
out channel = c(c_out)
repeats = max(l, int (math.ceil(n * rho)))
for i in range (repeats):
stride = s if i == 0 else 1
layers.append (
InvertedResidual (input channel,
out channel, stride, t)
)
input channel = out channel
self.blocks = nn.Sequential (*layers)
self.conv last = nn.Sequential (
nn.Conv2d (input channel, last channel, 1,
bias=False),
nn.BatchNorm2d (last channel),
nn.RelLU6 (inplace=True)
)
self.global pool = nn.AdaptiveAvgPool2d (1)
self.fc = nn.Linear (last channel, num classes)

def forward(self, x):

X self.convl (x)

x = self.blocks (x)

x = self.conv last (x)

x = self.global pool (x)
X = torch.flatten(x, 1)

return self.fc(x)
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Jlictunr B.7 — ITobynoBa moaeni «DenseNet*»
import torch
import torch.nn as nn
import torch.nn.functional as F
class Denselayer (nn.Module) :
def __init (self, in channels, growth rate,
bn size=4):
super () . init ()
inter channels = bn size * growth rate
self.layer = nn.Sequential (
nn.BatchNorm2d (in channels),
nn.RelLU (inplace=True),
nn.Conv2d(in channels, inter channels,
kernel size=1, bias=False),
nn.BatchNorm2d (inter channels),
nn.RelLU (inplace=True),
nn.Conv2d(inter channels, growth rate,
kernel size=3, padding=1l, bias=False)
)
def forward(self, x):
new features = self.layer (x)
return new features
class DenseBlock (nn.Module) :
def __init  (self, in channels, growth rate,
num layers, bn size=4):
super () . init ()
self.layers = nn.ModuleList ()
channels = in channels
for in range (num_ layers):
self.layers.append (Denselayer (channels,
growth rate, bn size))
channels += growth rate
self.out channels = channels
def forward(self, x):

features = [x]
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for layer in self.layers:

new feat layer (torch.cat (features, dim=1))
features.append(new feat)
return torch.cat (features, dim=1)

class TransitionLayer (nn.Module) :

def init (self, in channels, compression=0.5):
super (). 1init ()
out channels = int (in_channels * compression)

self.layer = nn.Sequential (
nn.BatchNorm2d (in channels),
nn.RelLU (inplace=True),
nn.Conv2d(in channels, out channels,
kernel size=1, bias=False),
nn.AvgbPool2d (kernel size=2, stride=2)
)
self.out channels = out channels
def forward(self, x):
return self.layer (x)
class AudioDenseNet (nn.Module) :
def init (
self,
num classes,
growth rate=16,
block layers=(4, 4, 4),
initial channels=32,
compression=0.5,

bn size=4

super () . init ()
self.stem = nn.Conv2d/(
1,
initial channels,
kernel size=3,

padding=1,
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bias=False
)
channels = initial channels
self.blocks = nn.ModulelList ()
self.transitions = nn.ModuleList ()
for i, num layers in enumerate (block layers):
block = DenseBlock(
channels,
growth rate,
num layers,
bn size
)
self.blocks.append (block)
channels = block.out channels
if i != len(block layers) - 1:
trans = TransitionLayer (
channels,
compression=compression
)
self.transitions.append(trans)
channels = trans.out channels
self.final bn = nn.BatchNorm2d (channels)
self.classifier = nn.Linear (channels, num classes)
self.final channels = channels
def forward(self, Xx):
X = self.stem(x)
for i, block in enumerate (self.blocks):
x = block (x)
if i < len(self.transitions):
X = gself.transitions[i] (x)
x = F.relu(self.final bn(x))
x = F.adaptive avg pool2d(x, (1, 1))
X = torch.flatten(x, 1)

return self.classifier (x)
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Jlicrunr b.8 — ITobynoBa moaeni «ResNet*»
import torch
import torch.nn as nn
import torch.nn.functional as F
def make divisible (v, divisor=8):
return int((v + divisor - 1) // divisor * divisor)

class ResidualBlock (nn.Module) :

def __init (self, in channels, out channels,
stride=1) :

super () . init ()

self.convl = nn.Conv2d/(

in channels, out channels,
kernel size=3, stride=stride,
padding=1, bias=False
)
self.bnl = nn.BatchNorm2d(out channels)
self.conv2 = nn.Conv2d/(
out channels, out channels,
kernel size=3, stride=l,
padding=1, bias=False
)
self.bn2 = nn.BatchNorm2d (out channels)
self.shortcut = nn.Identity()
if stride != 1 or in channels != out channels:
self.shortcut = nn.Sequential (
nn.Conv2d (
in channels, out channels,
kernel size=1l, stride=stride,
bias=False
)
nn.BatchNorm2d (out channels)

)
def forward(self, x):

out F.relu(self.bnl(self.convl (x)))

out self.bn2 (self.conv?2 (out))
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out += self.shortcut (x)
return F.relu(out)

class AudioResNet (nn.Module) :

def  init (

self,
num classes,
depth=(1, 1, 1),
width mult=1.0,
base channels= (16, 32, 64)

super (). 1init ()

cl = make divisible (base channels[0] * width mult)
c2 = make divisible (base channels[1l] * width mult)
c3 = make divisible (base channels[2] * width mult)
self.convl = nn.Conv2d/(

1, cl, kernel size=3,
stride=1, padding=1,
bias=False

)
self.bnl = nn.BatchNorm2d(cl)

self.layerl self. make layer(cl, cl, depth[O],

stride=1)

self.layer2 = self. make layer(cl, c2, depth[1l],
stride=2)

self.layer3 = self. make layer(c2, c3, depth[2],
stride=2)

self.global pool = nn.AdaptiveAvgPool2d((1, 1))
self.fc = nn.Linear(c3, num_classes)
def  make layer(self, in channels, out channels,
blocks, stride):
layers = []
layers.append(ResidualBlock (in_channels,
out channels, stride))
for in range(l, blocks):
layers.append(ResidualBlock (out channels,

out channels))
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return nn.Sequential (*layers)

def forward(self, x):

x = F.relu(self.bnl (self.convl (x)))
x = self.layerl (x)
x = self.layer2 (x)
x = self.layer3(x)

x = self.global pool (x)
X = torch.flatten(x, 1)
self.fc(x)

X

return x

Jlictunr B.9— ITo6ynosa moneni «ShuffleNet V1* ta V2%
import torch
import torch.nn as nn
import torch.nn.functional as F
def make divisible (v, divisor=8):
return int((v + divisor - 1) // divisor * divisor)

class ChannelShuffle (nn.Module) :

def init (self, groups):
super (). init ()
self.groups = groups

def forward(self, x):

B, C, H, W= x.size()

g self.groups

x = x.view(B, g, C // g, H, W)

X X.transpose (1, 2).contiguous ()
return x.view(B, C, H, W)
class ShuffleNetVI1Block (nn.Module) :
def  init (self, in channels, out channels, stride,
groups) :

super () . init ()

self.stride stride
self.groups = groups

bottleneck channels = out channels // 4
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if stride ==
out channels -= in channels
# 1x1 group conv
self.convl = nn.Conv2d/(
in channels,
bottleneck channels,
1,
groups=groups,
bias=False
)
self.bnl = nn.BatchNorm2d (bottleneck channels)
self.shuffle = ChannelShuffle (groups)
self.dwconv = nn.Conv2d( # depthwise 3x3
bottleneck channels,
bottleneck channels,
3,
stride=stride,
padding=1,
groups=bottleneck channels,
bias=False
)
self.bn2 = nn.BatchNorm2d (bottleneck channels)
self.conv2 = nn.Conv2d( # 1x1 group conv
bottleneck channels,
out channels,
1,
groups=groups,
bias=False
)
self.bn3 = nn.BatchNorm2d (out channels)
if stride ==
self.shortcut = nn.AvgPool2d(
kernel size=3,

stride=2,
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def

dim=1))

padding=1
)
else:
self.shortcut = nn.Identity()

forward(self, x):

out = F.relu(self.bnl(self.convl(x)))
out = self.shuffle(out)

out = self.bn2(self.dwconv(out))

out = self.bn3(self.conv2 (out))

1f self.stride ==

152

return F.relu(torch.cat ([self.shortcut (x), out],

else:

return F.relu(x + out)

class AudioShuffleNetVl1 (nn.Module) :

def

bias=False),

__init |

self,

num classes,

groups=3,

widths=(240, 480, 960),
depths=(4, 8, 4)):

super () . init ()
widths = [make divisible(w) for w in widths]
self.convl = nn.Sequential (

nn.Conv2d(1l, 24, 3, stride=2,

nn.BatchNorm2d (24),
nn.RelLU (inplace=True)
)
self.stage2 = self. make stage (
24, widths[0], depths[0], groups
)
self.stage3 = self. make stage (
widths[0], widths[1], depths[1],

groups

padding=1,
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)
self.staged4d = self. make stage
widths[1], widths[2], depths[2], groups
)
self.global pool = nn.AdaptiveAvgPool2d( (1, 1))
self.fc = nn.Linear (widths[2], num classes)
def make stage(self, in c, out ¢, blocks, groups):
layers = []
layers.append (
ShuffleNetVlBlock(in ¢, out ¢, stride=2,
groups=groups)
)
for in range(l, blocks):
layers.append (
ShuffleNetV1lBlock (out ¢, out c, stride=l,
groups=groups)
)
return nn.Sequential (*layers)

def forward(self, x):

X = self.convl (x)

x = gelf.stage2 (x)
x = gself.stage3 (x)
x = self.staged (x)

x = self.global pool (x)
X = torch.flatten(x, 1)
return self.fc(x)

class ShuffleNetV2Block (nn.Module) :

def init (self, in channels, out channels, stride):
super () . init ()
self.stride = stride
branch channels = out channels // 2

if stride ==
assert in channels == out channels

self.shuffle = ChannelShuffle(2)
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# Branch2 (always exists)
self.branch2 = nn.Sequential (
nn.Conv2d (
in channels 1if stride > 1 else
branch channels,
branch channels,
1,
bias=False
)
nn.BatchNorm2d (branch channels),
nn.RelLU (inplace=True),
nn.Conv2d (
branch channels,
branch channels,
3,
stride=stride,
padding=1,
groups=branch channels,
bias=False
)
nn.BatchNorm2d (branch channels),
nn.Conv2d (
branch channels,
branch channels,
1,
bias=False
)
nn.BatchNorm2d (branch channels),
nn.RelLU (inplace=True),
)
if stride ==
self.branchl = nn.Sequential (
nn.Conv2d (

in channels,
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in channels,
3,
stride=2,
padding=1,
groups=in_channels,

bias=False

nn.BatchNorm2d (in channels),
nn.Conv2d (

in channels,

branch channels,

1,

bias=False

nn.BatchNorm2d (branch channels),
nn.RelLU (inplace=True),
)
def forward(self, x):
if self.stride ==
x1l, x2 = torch.chunk(x, 2, dim=1)
out = torch.cat((x1l, self.branch2(x2)), dim=1)
else:
out = torch.cat ((self.branchl (x),
self.branch?2 (x)), dim=1)
return self.shuffle (out)
class AudioShuffleNetV2 (nn.Module) :
def init (
self,
num classes,
depths=(4, 8, 4),
base channels= (116, 232, 464)

super (). init ()

cl = 24



156

[Iponorxxenus nictunry b.9

bias=False),

def

stride=2))

stride=1))

def

c2 = make divisible (base channels[0])
c3 = make divisible (base channels[1])
c4 = make divisible (base channels[Z2])
self.convl = nn.Sequential (

nn.Conv2d(1l, c¢l, 3, stride=2, padding=1,

nn.BatchNorm2d(cl),

nn.RelLU (inplace=True)
)
self.stage2 = self. make stage(cl, c2, depths[0])
self.stage3 = self. make stage(c2, c3, depths[1l])
self.staged = self. make stage(c3, c4, depths[2])
self.global pool = nn.AdaptiveAvgPool2d( (1, 1))

self.fc = nn.Linear(c4, num classes)

_make stage(self, in c, out ¢, blocks):

layers = []

layers.append (ShuffleNetV2Block(in ¢, out c,

for in range(l, blocks):

layers.append(ShuffleNetV2Block (out c, out c,

return nn.Sequential (*layers)

forward(self, x):

x = self.convl (x)

x = gelf.stage2 (x)
x = gself.stage3 (x)
x = self.staged (x)

x = self.global pool (x)
X = torch.flatten(x, 1)

return self.fc(x)
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Jlictunr b.10 — IToOynoBa Mmogeni «SqueezeNet™»
import torch
import torch.nn as nn
import torch.nn.functional as F
def make divisible (v, divisor=8):
return int((v + divisor - 1) // divisor * divisor)
class Fire(nn.Module) :
def  init (self, in channels, squeeze channels,
expand channels) :
super () . init ()
self.squeeze = nn.Sequential (
nn.Conv2d(in channels, squeeze channels, 1,
bias=False),
nn.BatchNorm2d (squeeze channels),
nn.RelLU (inplace=True)
)
self.expandlxl = nn.Sequential (
nn.Conv2d(squeeze channels, expand channels, 1,
bias=False),
nn.BatchNorm2d (expand channels),
nn.RelLU (inplace=True)
)
self.expand3x3 = nn.Sequential (
nn.Conv2d (squeeze channels, expand channels, 3,
padding=1, bias=False),
nn.BatchNorm2d (expand channels),
nn.RelLU (inplace=True)
)
def forward(self, x):
x = self.squeeze (x)
return torch.cat ([
self.expandlxl (x),
self.expand3x3 (x)
], dim=1)

class AudioSqueezeNet (nn.Module) :
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def  init (

bias=False),

self,

num classes,

width mult=1.0,
depth=1,

squeeze ratio=0.25,

base channels=64

super () . init ()

cl

make divisible (32 * width mult)

c2 = make divisible (base channels * width mult)

self.convl = nn.Sequential (

nn.Conv2d (1, c¢l, 3, stride=2, padding=1,

nn.BatchNorm2d(cl),

nn.RelLU (inplace=True)
)
self.maxpooll = nn.MaxPool2d (2, stride=2)
self.fire blocks = nn.Sequential (

*self. make fire stack(cl, c2, depth,

squeeze ratio)

)
self.global pool = nn.AdaptiveAvgPool2d((1, 1))
self.fc = nn.Linear(c2, num_classes)

def  make fire stack(self, in ¢, out c, depth,

squeeze ratio):

layers = []
for i in range (depth):

squeeze ¢ = make divisible(out c *

squeeze ratio)

2))

layers.append(Fire (in ¢, squeeze ¢, out c //

in ¢ = out c

return layers
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def forward(self, x):

x = self.convl (x)
x = self.maxpooll (x)
x = self.fire blocks (x)

x = self.global pool (x)
X = torch.flatten(x, 1)

return self.fc(x)

Jlictunr b.11 — ITo6ynoBa moaeni «SE-Net*»
import torch

import torch.nn as nn

import torch.nn.functional as F

class SEBlock (nn.Module) :

def init (self, channels, reduction=16):
super (). init ()
self.fcl = nn.Linear (channels, channels //

reduction, bias=False)
self.fc2 = nn.Linear (channels // reduction,
channels, bias=False)
def forward(self, x):
# x: (B, C, H, W)

b, ¢, , = x.size()
y = F.adaptive avg pool2d(x, 1).view(b, c) #
squeeze
y = F.relu(self.fcl (y))

% torch.sigmoid (self.fc2(y))
y = y.view(b, ¢, 1, 1)
return x * y # scale
class SEConvBlock (nn.Module) :
def  init (self, 1in ch, out ch, kernel size=3,
stride=1, padding=1, reduction=16):
super () . init ()
self.conv = nn.Conv2d(in_ch, out ch, kernel size,

stride, padding, bias=False)
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def

self.bn = nn.BatchNorm2d (out ch)
self.se = SEBlock(out ch, reduction)
self.relu = nn.RelLU(inplace=True)

forward(self, x):

x = self.conv(x)
x = self.bn(x)
x = self.se(x)
x = self.relu(x)

return x

class AudioSENet (nn.Module) :

def init (self, num classes=6, base channels=32,

num blocks=4) :

num classes)

def

super (). init ()
layers = []
in channels = 1

ch = base channels
for in range (num blocks):
layers.append (SEConvBlock (in channels, ch))

layers.append (nn.MaxPool2d (2))

in channels = ch
ch *= 2
self.features = nn.Sequential (*layers)

self.global pool = nn.AdaptiveAvgPool2d (1)

self.classifier = nn.Linear (in_ channels,

forward(self, x):

X self.features (x)
x = self.global pool(x) # (B, C, 1, 1)

X = x.view(x.size (0), -1)

X self.classifier (x)

return x
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Jlictunr b.12 — TTo6ynoBa moaeni «RepVGG*y»
import torch
import torch.nn as nn
import torch.nn.functional as F
def make divisible (v, divisor=8):
return int((v + divisor - 1) // divisor * divisor)
class RepVGGBlock (nn.Module) :
def init (self, in channels, out channels, stride=1l,
deploy=False) :
super () . init ()
self.deploy = deploy
self.in channels = in channels
self.out channels = out channels
self.stride = stride
if deploy:
self.rbr reparam = nn.Conv2d(
in channels, out channels, 3,
stride=stride, padding=1, bias=True
)
else:
self.rbr dense = nn.Sequential (
nn.Conv2d(in channels, out channels, 3,
stride, 1, bias=False),
nn.BatchNorm2d (out channels)
)
self.rbr 1x1 = nn.Sequential (
nn.Conv2d(in channels, out channels, 1,
stride, 0, bias=False),
nn.BatchNorm2d (out channels)
)
if in channels == out channels and stride == 1:

self.rbr identity =

nn.BatchNorm2d (in channels)
else:

self.rbr identity = None
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def forward(self, x):
if self.deploy:
return F.relu(self.rbr reparam(x))
out = self.rbr dense(x) + self.rbr 1x1(x)
if self.rbr identity is not None:
out += self.rbr identity (x)
return F.relu (out)
def get equivalent kernel bias(self):
k3, b3 = self. fuse branch(self.rbr dense)
kl, bl = self. fuse branch(self.rbr 1x1)
kl = self. pad 1xl to 3x3(kl)

if self.rbr identity is not None:

kid, bid self. fuse identity()

else:

kid, bid 0, O
return k3 + k1 + kid, b3 + bl + bid
def fuse branch(self, branch):
if branch is None:
return 0, O

conv, bn = branch[0], branch[1]

w = conv.weight
mean = bn.running mean
var = bn.running var

gamma = bn.weight

beta = bn.bias

eps = bn.eps

std = torch.sqgrt (var + eps)

t = (gamma / std) .reshape(-1, 1, 1, 1)

return w * t, beta - mean * gamma / std
def fuse identity(self):

kernel = torch.zeros (

(self.out channels, self.in channels, 3, 3),

device=self.rbr identity.weight.device
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for 1 in range(self.in channels):
kernelf(i, i, 1, 1] = 1.0

bn = self.rbr identity

mean = bn.running mean

var = bn.running var

gamma = bn.weight

beta = bn.bias

eps = bn.eps

std = torch.sqgrt(var + eps)

t = (gamma / std).reshape(-1, 1, 1,

return kernel * t, beta - mean * gamma / std

@staticmethod

def

def

_pad 1x1 to 3x3(kernel):
if isinstance (kernel, int):
return O

padded = torch.zeros (

1)
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(kernel.size(0), kernel.size(l), 3, 3),
device=kernel.device

)

padded[:, :, 1:2, 1:2] = kernel

return padded

switch to deploy(self):

if self.deploy:
return

kernel, bias = self.get equivalent kernel bias()

self.rbr reparam = nn.Conv2d(
self.in channels,
self.out channels,
3,
stride=self.stride,
padding=1,
bias=True

)

self.rbr reparam.weight.data = kernel
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self.rbr reparam.bias.data = bias
del self.rbr dense
del self.rbr 1x1
if hasattr(self, "rbr identity"):
del self.rbr identity
self.deploy = True
class AudioRepVGG (nn.Module) :
def init (
self,
num classes,
depth=1,
base channels= (64, 128, 256),
deploy=False

super (). init ()

cO = 32

cl = make divisible (base channels[0])
c2 = make divisible (base channels[1])

c3 = make divisible (base channels[Z2])
self.stage0 = nn.Sequential (
nn.Conv2d(1l, <¢0, 3, stride=2, padding=1,
bias=False),
nn.BatchNorm2d(cO),

nn.RelLU (inplace=True)

self.stagel = self. make stage(cO, cl, depth,
stride=2, deploy=deploy)

self.stage2 = self. make stage(cl, c2, depth,
stride=2, deploy=deploy)

self.stage3 self. make stage(c2, c¢3, depth,
stride=2, deploy=deploy)
self.global pool = nn.AdaptiveAvgPool2d( (1, 1))

self.fc = nn.Linear (c3, num classes)
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def make stage(self, in ¢, out c, num blocks, stride,
deploy) :
blocks = []
blocks.append (RepVGGBlock (in c, out c,
stride=stride, deploy=deploy))
for in range(l, num blocks):
blocks.append (RepVGGBlock (out ¢, out c,
stride=1, deploy=deploy))
return nn.Sequential (*blocks)

def forward(self, x):

x = self.stagel (x)
x = self.stagel (x)
x = self.stage2 (x)
x = self.stage3 (x)

x = self.global pool (x)
X = torch.flatten(x, 1)
return self.fc(x)
def switch to deploy(self):
for module in self.modules():
if isinstance (module, RepVGGBlock) :
module.switch to deploy ()

Jlictunr b.13 — IToOynoBa moaeni «ConvMixer™»
import torch

import torch.nn as nn

import torch.nn.functional as F

class ConvMixerBlock (nn.Module) :

def init (self, dim, kernel size):
super () . init ()
self.dwconv = nn.Conv2d(dim, dim, kernel size,

groups=dim,
padding=kernel size//2)
self.bnl = nn.BatchNorm2d (dim)

self.pwconv = nn.Conv2d(dim, dim, kernel size=1)



166
[Iponorxenus nictunry b.13

self.bn?

nn.BatchNorm2d (dim)

self.act nn.GELU ()
def forward(self, x):
X = x + self.act(self.bnl (self.dwconv(x)))
x = self.act(self.bn2 (self.pwconv(x)))
return x
class AudioConvMixer (nn.Module) :
def  init (self, num classes, dim=64, depth=4,
patch size=2, kernel size=5):
super (AudioConvMixer, self). init ()
# Patch embedding
self.patch embed = nn.Conv2d (1, dim,
kernel size=patch size, stride=patch size)
self.bn = nn.BatchNorm2d (dim)
# ConvMixer blocks
self.blocks = nn.Sequential (
*[ConvMixerBlock (dim, kernel size) for _ in
range (depth) ]
)
# Classification head
self.global pool = nn.AdaptiveAvgPool2d((1,1))

self.fc = nn.Linear (dim, num classes)

def forward(self, Xx):

x F.relu(self.bn(self.patch embed(x)))

X self.blocks (x)

x = self.global pool (x)

X torch.flatten(x, 1)
x = self.fc(x)

return x
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device = torch.device("cuda" 1if torch.cuda.is available()
else "cpu")
train loader, val loader = get dataloaders (DATASET PATH,
batch size=BATCH SIZE, device=device)
num classes = train loader.dataset.num classes
sample input, sample target = next(iter(val loader))
print ("Sample input shape:", sample input.shape, "Sample
target shape:", sample target.shape)
model = get model (MODEL, num classes)
print (f"Using model: {MODEL}"™)
model = model.to(device)
criterion =
nn.CrossEntropyLoss (label smoothing=LABEL SMOOTHING)
if OPTIMIZER.lower () == "adam":
opt = optim.Adam # type: ignore
elif OPTIMIZER.lower () == "sgd":
opt = optim.SGD # type: ignore
elif OPTIMIZER.lower () == "rmsprop":
opt = optim.RMSprop # type: ignore
else:
raise ValueError (f"Unsupported optimizer:
{OPTIMIZER}"™)
optimizer = opt (
model .parameters (),
1lr=LR,
weight decay=WEIGHT DECAY
)
# Scheduler: reduce LR on plateau
scheduler = ReduceLROnPlateau (
optimizer,
mode="min",
factor=LR SCHEDULER FACTOR,
patience=LR SCHEDULER PATIENCE



168

[Iponomxenns nictunry b.14

# Early stopping

best macro fl = -float('inf'")

patience counter = 0

# Metrics

train acc metric =
torchmetrics.Accuracy(task='multiclass',
num classes=num classes) .to(device)

val fl macro = torchmetrics.FlScore (task="multiclass',
num classes=num classes, average='macro').to(device)

val fl weighted = torchmetrics.FlScore (task="'multiclass',
num classes=num classes, average='weighted').to(device)

val acc macro = torchmetrics.Accuracy (task="'multiclass',
num classes=num classes, average='macro').to(device)

val acc weighted =

torchmetrics.Accuracy(task='multiclass',

num classes=num classes, average='weighted').to(device)
val recall macro = torchmetrics.Recall (task="'multiclass',
num classes=num classes, average='macro') .to(device)

val precision macro =
torchmetrics.Precision(task="multiclass',
num classes=num classes, average='macro').to(device)
val confmat =
torchmetrics.ConfusionMatrix (task="multiclass’',
num classes=num classes) .to(device)
# TensorBoard writer
log dir =
f"logs/{MODEL} {datetime.now().strftime ('%$Y%m%d %H%M%S')}"
writer = SummaryWriter (log dir=log dir, flush secs=10)
for epoch in range(train loader.dataset.num epochs) :
model.train ()
train loss, cnt = 0, 0
train acc metric.reset()
train loader.dataset.load epoch (epoch)

for inputs, targets in train loader:
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inputs = scale data (inputs)

inputs inputs.to(device)
targets = targets.to(device)
optimizer.zero grad()
outputs = model (inputs)
loss = criterion (outputs, targets)
loss.backward()
optimizer.step ()
train loss += loss.item() * inputs.size (0)
cnt += inputs.size(0)
preds = outputs.argmax(l)
train acc metric.update (preds, targets)
train loss /= cnt
train acc = float(train acc metric.compute () .item())
train acc metric.reset ()
# Validation
model.eval ()
val loss, cnt = 0, O
val fl macro.reset()
val fl weighted.reset ()
with torch.no grad() :

for inputs, targets in val loader:

inputs = scale data (inputs)

inputs inputs.to (device)

targets = targets.to(device)

outputs = model (inputs)

loss = criterion (outputs, targets)

val loss += loss.item() * inputs.size(0)
cnt += inputs.size (0)

preds = outputs.argmax(l)

val fl macro.update (preds, targets)

val fl weighted.update (preds, targets)

val acc macro.update (preds, targets)

val acc weighted.update (preds, targets)
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val recall macro.update (preds, targets)
val precision macro.update (preds, targets)
val confmat.update (preds, targets)
val loss /= cnt
macro fl = float(val fl macro.compute().item())
weighted fl = float(val fl weighted.compute () .item())
val acc macro v =
float (val acc macro.compute () .item())
val acc = val acc macro v
val acc weighted v =
float (val acc weighted.compute () .item())
val recall macro v =
float (val recall macro.compute () .item())
val precision macro v =
float (val precision macro.compute () .item())
cm = val confmat.compute () .cpu () .numpy ()
val fl macro.reset ()
val fl weighted.reset ()
val acc macro.reset()
val acc _weighted.reset ()
val recall macro.reset ()
val precision macro.reset ()
val confmat.reset ()
# Scheduler
scheduler.step (val loss)
# Early stopping (monitors Macro F1)
if macro fl > best macro fl + le-4:
best macro fl = macro fl
patience counter = 0
torch.save (model.state dict(),
f'trained models/{MODEL}.pth')
else:
patience counter += 1

lr = optimizer.param groups[0]['lr']
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print (f"Epoch {epoch+l}/{NUM_EPOCHS} lr: {lr:.5f} - "

f"Train Loss: {train loss:.4f}, Train Acc:
{train acc:.4f}, Val Loss: {val loss:.4f}, Val Acc:
{val acc:.4f}, Macro Fl: {macro fl:.4f}, Weighted Fl:

{weighted fl:.4f}")
writer.add scalar('Train/Loss', train loss, epoch)
writer.add scalar('Train/Accuracy', train acc, epoch)
writer.add_scalar('Val/Loss', val loss, epoch)
writer.add_scalar('Val/Accuracy', val acc, epoch)
writer.add scalar('Val/Macro F1', macro fl, epoch)
writer.add scalar('Val/Weighted F1', weighted f1,
epoch)
writer.add scalar('Val/Accuracy Macro',
val acc macro v, epoch)
writer.add scalar('Val/Accuracy Weighted',
val acc _weighted v, epoch)
writer.add scalar('Val/Recall Macro',
val recall macro v, epoch)
writer.add scalar('Val/Precision Macro',
val precision macro v, epoch)
writer.add scalar('Train/LR', lr, epoch)
if patience counter >= EARLY STOPPING PATIENCE:
print ("Early stopping: no improvement.™)
break
# Confusion matrix
try:
fig, ax = plt.subplots(figsize=(6, 6))
im = ax.imshow (cm, interpolation="nearest',
cmap="'Blues"')
ax.figure.colorbar (im, ax=ax)
ax.set xlabel ('Predicted')
ax.set ylabel ('True')
ax.set title('Confusion Matrix')

# annotate
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if cm.size > 0:
thresh = cm.max () / 2.0
for 1 in range (cm.shape[0]):

for j in range(cm.shape[l]) :

ax.text(j, i, format(int(cml[i, J1),
'd'),
ha="center", va="center",
color="white" if cml[i, J] >
thresh else "black")
writer.add figure('Val/ConfusionMatrix', fig,
epoch)
plt.close(fig)
except Exception:
pass
try:

writer.close()
except Exception:

pass

Jlictunr b.15 — BusnadueHHs! KUTBKOCTI MapameTpiB, 00’ €MHOI Ta 4acoBOi

CKJIQTHOCT1 MOJIEN
device = torch.device("cuda") if torch.cuda.is available ()
else torch.device ("cpu")
train loader, test loader = get dataloaders
DATASET PATH,
batch size=64,
device=device
)
num classes = test loader.dataset.num classes
model = get model (MODEL, num classes)
model.load state dict (torch.load(os.path.join("trained mod
els", f£"{MODEL}.pth"), weights only=True))
model .eval ()

if hasattr(model, "switch to deploy"):
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model.switch to deploy ()
sample input, sample target = next (iter (test loader))
print ("Sample input shape:", sample input.shape, "Sample
target shape:", sample target.shape)
print (f"Using model: {MODEL}"™)

num params = sum(p.numel () for p in model.parameters())

num trainable params = sum (p.numel () for P in
model .parameters () 1f p.requires grad)

print ("Model parameters - Total:", num params / le6, "M,
Trainable: ", num trainable params / le6, "M")

input size = (1, *sample input.shape[l:])

rand inp = torch.randn (input size)

flop counter = FlopCounterMode (display=False, depth=None)

# type: ignore

with flop counter:

model (rand inp)

flops = flop counter.get total flops()

print (f"Model FLOPs (inference): {flops / le6:.2f} MFLOPs")

param size = sum(p.numel() * p.element size() for p in
model .parameters () )

buffer size = sum(b.numel() * b.element size() for b in
model .buffers())

model size = (param size + buffer size) / 1024**2 # MB

print (f"Model size (static): {model size:.2f} MB")
with open(f"test results/{MODEL} metrics.txt", "w") as f:
f.write (f"Model FLOPs (inference): {flops / leb6:.2f}
MFLOPs\n")
f.write(f"Model parameters: {num params / le6:.2f}
M\n")
f.write (f"Model size (static): {model size:.2f} MB\n")
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model = get model (MODEL, num classes)
model.load state dict (torch.load(f'trained models/{MOD
EL}.pth'"))
model.eval ()
if hasattr(model, "switch to deploy"):
model.switch to deploy ()
X, _ = next(iter (test loader))
x _shape = [1]+1list (x.shape) [1:]
quant setting =
QuantizationSettingFactory.espdl setting/()
dispatch table = {layer:
get target platform(target=TARGET, num of bits=bits) for layer,
bits in \
zip (HIGH PRECISION LAYERS,
[HIGH PRECISION LAYERS BITS] * len (HIGH PRECISION LAYERS)) }
quant ppgq graph = espdl quantize torch/(
model=model,
espdl export file=f"trained models/quantized model
s/ {MODEL} .espdl",
calib dataloader=test loader,
calib steps=32, # Number of calibration steps
input shape=x shape, # Input shape, batchsize =1
target=TARGET, # Quantization target type
num_ of bits=QUANTIZE BITS, # Number of quantization
bits
collate fn=collate fn, # Custom collate function to
extract inputs from dataloader
settings=quant setting, # Quantization settings
device=DEVICE, # Device for calibration (use "cpu"
for quantization-aware training)
error report=True, # Enable error reporting to
identify quantization issues
skip export=False, # Whether to skip exporting the
quantized model (useful for debugging)
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export test values=False, # Whether to export test
values for debugging quantization results
dispatching override=dispatch table, # Override
quantization settings for specific layers

verbose=1, # Output detailed log information
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Apxitektypa mozenei [IHIHM
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Pucynok B.1 — Apxitektypa «Vanilla CNN»
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Pucynok B.2 — Apxitektypa «MobileNet V1*y
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Pucynok B.3 — Apxitektypa «MobileNet V2*)
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Pucynok B.4 — Apxitektypa «DenseNet*y»
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Pucynok B.4 — Apxitektypa «DenseNet™*y (IIpo10BKEeHHS)
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Pucynok B.5 — Apxitektypa «ResNet*»



182

Conv

W {48x1x3x3)
B {48}

1x48x10=10

1x24x20x20

12127878

Reshape

1x2x12=20=20

Conv

Conv
W {(24x1x3x3) 1x96x20x20 I W {96x24x1x1) AveragePool
B {24} B {96}

1x12x2x20x20

1x24x39x39 x96x10x10 1x96x10x10
Reshape
Concat
shape (4)
1=192x10=10

1% 24x20%20

Conv

W (24=12x1x1)
B {24}

W {24 1x3x3) 1%192%10x10

B (24)

1x24x39x39 Conv
1x24x20x20
3
B (48)
Conv
1x24x39x39 1x48x10x10

W {(96x12x1x1)
B (96)

1x96x20=20

shape (5}
1x48x10x10

1%2x12x39x39 1x24x39x%39

@ 1x96x20%20

1x12x2x39x39

Reshape

1x2x24x10x10

%962 2020

1%192%10x10  IERETE

1%24x2x10x10
W {48x48x1x1)

1x24x39=39
B (48)

Conv 1x48x20x20
W {24x1x3x3)
8 (1) @ 1x48x10x10
1x24x20x20 1x48%20%20 Conv
W (48x123x3)
Conv B (48)

AveragePool
1x48x10x10

W (72x12x1x1)
B (72

1x2%24%20x x20%
%72x20%20 1%24%20%20 2x24x20:20 | 1x96x20x20 T
w W {192:24x1x1)
Concat B (192}
1x24x2x20%20
1x96x20x20 1x192x10=10
1x06x20x20 1x192x10x10

1x48x20x20

Conv

W {24x48x1x1)
B (24}

1x24x20%20

1x192=10=10

1x3x3)

Conv

W {48x96x1x1)
B (48)

1x48x10x10

1x48x10=10

1x24x20x20

Pucynok B.6 — Apxitektypa «ShuffleNet V1*y
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1x2x24x10x10

1x24x2x10x10

Reshape

1x48x10=10

Conv

W {48x1x3x3)
B (48)

1=48x10=10

Conv

W {(192x24x1x1}
B {192)

1x192x10x10

Add

1x192x10x10

1x192x10=10

Conv

W {48x96x1x1)
B (48)

1x48x10=10

1x48x10=10

Reshape

shape (5)

1x2x24x10x10

1x24x2x10=10

1x48x10=10

Conv

W (96x96x1x1)
B {96)

1x96x10x10

1x96x10=10

Reshape

1x2x48x10x10

Transpose

1x48x2x10=10

1x96x10x10

1x3x3)

1x96x5x5

Conv

W {192x48x1x1)
B {192}

x192x5x%5

Relu

/ \ 1x384x5x5

Conv

W {48x1x3x3)
B (48)

Conv

W (192x24x1x1}
B (192)

1=48x10=10

1x48x10x10

1x192%10=10

1x192x10=10

1x192x10=10

AveragePool

1x192x5x5

1x384x5x5
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1x384x5x5

W {96x192x1x1})
B {96}

1x96x5x5

Relu

1x96x5x5

Tx2x48x5x5

Txd48x2x5x5

1x06x5x5

Conv

W (96x1x3x3})
B (96)

1x96x5x5

Conv

W (384x48x1x1)
B {(384)

1x384x5x5

1%384%5x5

1%384x5x5

GlobalAveragePool

1x384x1x1

1=384

Gemm

B (7x384)
c{n
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1x1x78x78

Conv
W {24x1x3x3)
B {24}

1x24x39=39

1x24x39%39

Conv

W (28x24x1x1)
B {28}

1x28x39=39

1x24x39%39

1x28x39x%39

W {2Bx1x3x3)
B {(28)

W {24x1x3x3}

B (24)

1x24x20%20 1x28x20x20

W (28x28x1x1)
B {28)

W (28x24x1x1)
B (28}

1x28x20x%20 1x28x20x20

1%28% 2020

Concat

1x56x20%20

Tx2x28=20x20

Transpose

1x28x2x20x20

Reshape

1x56x20%20

1x28x20x20

1x28x20x20

Conv
W {28x28x1x1)
B {28)

1x28x20x20

1x56x20x20

1x28x20=20

Conv

W {28x1x3x3}
B (28)

1x28x20x20

Conv

W (28x28x1x1)
B (28}

1x28x20=20

starts (1)
ends (1)
axes (1)

1x28x20=20

Concat

1x56x20x20

1x2x28x20x20

1%28x2x20x20

Reshape

1x56x20x20

Conv

W (52x56x1%1)
B {52}

1x52x20%20

1x56%x20%20

1x52x20x20

W (52x1x3x3)
B (52)

W (56x1x3x3)
B {56}

1%56x10%10 1%52x10%10

W (52x56x1x1)
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1x56x10=10 1x52x10x10

W {52x52x1x1)
B {52}

1x52x10x10

1x52x10x10

1x52x10x10

x52x10x10

Concat

1x104x10%10

1x2x52x10x10

Transpose

1x52x2x10x10

Reshape

1x104x10=10

1x52x10x10

Conv

W (52x52x1x1}
B {52}

1x52x10=10

1x104x10x10

1%x52x 1010

W {52x1x3x3)
{52)

1x52x10=10

W (52x52x1x1)
B {52)

1x52x10x10

x52x10x10 1x52x10x10
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x52x10x10 1x52x10x10

1x104x10x10

1x2x52x10x10

Transpose

1x52x2x10x10

Reshape

1x104x10x10

1x52x10x10

W (52x52x1x1)
B (52)

1x52x10x10

1x52x10x10

Conv

W (52x1x3x3)
B (52)

1x52x10x10

Conv

W (52x52x1x1)
B (52)

1x52x10x10

starts (1)
ends (1)
axes (1)

x52x10x10 1x52x10x10
Concat
1x104x10x10

1x104x10x10

1x2x52x10x10

Transpose

1x52x2x10x10

Reshape

W (52x52x1x1)
B (52)

Conv

W (52x1x3x3)
B (52)

Conv

W {52x52x1x1)
B (52)

starts (1)
ends (1)
axes (1)

x52x10x10

Concat

1x104x10x10

1x2x52x10x10

1x104x10x10

1x52x10x10

1x52x10x10
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1x2x52x10x10

Transpose

1x52x2x10x10

Reshape

1x104x10x10

W (104x104x1x1)
B (104)

1x104x10x10

1x104x10x10

1x104x10x10

W {104x1x3x3)
B (104)

W (104x1x3x3)

B (104)

1x104x5x5

1x104x5x5

W (104x104x1x1)
B (104)

W (104x104x1x1)
B (104)

1x52x10x10

1x52x10x10

1x52x10x10

1x52x10x10

1x104x5x5 1x104x5x5

1x104x5x5

1x208x5x5

1x2x104x5x5

Transpose

1x104x2x5x5

Reshape

1x208x5x5

1x104x5x5
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1x104x5x5

Conv

W (104x104x1x1)

B (104)
1x104x5x5
1x208x5x5

1x104x5x5

Conv
W (104x1x3x3)
B (104)

1x104x5x5

Conv
W (104x104x1x1)
B (104)

1x104x5x5

starts (1)
ends (1)
axes (1)

1x104x5x5

1x208x5x5

1x2x104x5x5

Transpose

1x104x2x5x5

1x208x5x5

GlobalAveragePool

1x208x1x1

1x208

Gemm

B (7x208)
c(n
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1x64x19x19 1x64x19x19 1x128x19x19
1x1x78x78 GlobalAveragePool
x64x19x19 1x64x19x19 1x128x1x1
B (64)
1x128x19x19 1x128
1x64x39%x39
e
W (32x128x1x1) B (7x128)
B (32) c(n
1x64x39x39
1x32x19x19 1x7
MaxPool
127 l
1x64x19x19

x32x19x19 1x32x19x19

Conv

W (32x64x1x1)
B (32)

1x32x19%x19

W (64x32x1x1)
B (64)

W (64x32x3x3)
B (64)

1x64x19x19 1x64x19x19

1x32x19x19

1x64x19x19

W (64x32x1x1)
B (64)

W (64x32x3x3)
B (64)

Concat

1x128x19x19

1x64x19x19 1x64x19x19

Conv

W (32x128x1x1)
B (32)

1x32x19x19

x64x19x19 1x64x19x19

Concat

1x128x19x19

1x32x19x19

Conv

W (32x128x1x1)
B (32)

1x32x19x19

W (64x32x1x1)
B (64)

W (64x32x3x3)
B (64)

1x64x19x19 1x64x19%19

x32x19%x19 1x32x19%x19

x64x19x19 1x64x19x19

W (64x32x1x1)
B (64)

W (64x32x3x3)
B (64)

Concat

1x128x19x19
1x64x19x19 1x64x19x19
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Tx1x78x78

Conv

W (16x1x3x3)
B (16)

GlobalAveragePool

1x16x78x78

1x16x1x1

1x16

B (16x1)

1x1

1x16x78x78 m

1x1

B {1x16)

1x16

1x16

Reshape

1x16x1x1

Mul
1x16x78x78
Tx16x78x78

MaxPool

1x16x%39%39

1x16x39%39

Conv

W {32x16x3x3)
B (32)

GlobalAveragePool

1x32x39x39

Reshape

shape (2)

1%32

B (32x2)

Tx2

=2

B (2x32)

1x32

1x32

Reshape

1x32x1x1

1x32x39=39

1x32x39%39

MaxPool

1x32x19x19
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1%32x19x19

Conv

W (64x32x3x3)
B (64)

GlobalAveragePool

1x64x19x19

Tx64x1x1

Reshape

shape (2}

B {64x4)

1x4

1x64x19%19 m

1x4

B {(4x64)

Reshape

Tx64x1x1

Mul

1x64%x19%19

1x64x19x19

MaxPool

1x64x9x9
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1x64x9x9 1x128x4x4

GlobalAveragePool
W (128x64x3x3)
B (128) 1x128x1x1

1%128x9x9 Reshape

GlobalAveragePool

1x128=1x1

Reshape

B (7x128)
c(n

1=7

165
B (128x8)

1x
1x128x9x9 m

1x8

8

B {8x128)

1=x128

1=x128

Reshape

1x128x1x1

1x128x9x9

1%128%x9x%9
MaxPool

1x128x4x4
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1x1x78x78

Conv

W (16x1x3x3)
B (16)

1x16x39x39

1x16x39x39

Conv

W (32x16x3x3)
B (32)

1x32x20x20

1x32x20x20

Conv

W (64x32x3x3)
B (64)

1x64x10x10

1x64x10x10

W (128x64x3x3)
B (128)

1x128x5x5

1x128x5x5

GlobalAveragePool

1x128x1x1

1x128

Gemm

B (7x128)
(7

1x128x5x5
1x1x78x78 GlobalAveragePool
1x128x1x1
Conv
W (16x1x3x3) @
B (16)
1x128
1x16x39x39

Gemm

B (7x128)
c(n

1x16x39x%3¢

W (32x16x1x1)
B (32)

W (32x16x3x3)
B (32)

x32x20x20 1x32x20x20
Add
1x32x20x20
Relu

1x32x20x20

W (64x32x1x1)
B (64)

W (64x32x3x3)
B (64)

x64x10x10 1x64x10x10
Add
1x64x10x10
Relu

1x64x10x10

W (128x64x1x1)
B (128)

W (128x64x3x3)
B (128)

1x128x5x5

1x128x5x5

1x128x5x5

0)

Pucynok B.10 — Apxitektypa «RepVGG*»

190

a) mia yac iHdepeHcy (penapameTpu3oBaHui BapiaHT), 0) 1] Yac HaBYaHHS



191

1x128%26x26

\l / 1x128x26x26

1=128x26%26

Div
B = 1.41421353...

1x128x26%26

1=x1x78x78

Conv

W {128x1x3x3)
B {128)

1x128x26x26

1x128x26=26

1x128=26x%26

1x128x26x26 1x128=26x26

1=128x26=26 1x128x26x26

1x128x26x26

Conv 1%128=26=26
W {128x1x5x5)
B {128} 1x128x26x26
1x128x26%26 1128x26x26
1x128%26x26
1x128x26%26 1x128%26%26
Div
B = 1.41421353..
1%128%26%26
1x128x26x26
1%
128%26%26 Conv
1x128x26x26

W (128x128x1=1)
B {128)
1x128x26x26 1x128x26x26

1% 128x26x26 1% 128x26x26

1x128x26x26

1=128Bx26=26 1x128x26%26

1x128x26x26

12128x%26x26 1x128x26x26
1x128x26x26

Conv

W (1281282121}
B {128}

Diwv

1%128%26x26 1x128x26x26

1x128=26x26

B = 1.4142135.

1=128%26=26
1x128x26x26 1x128x26x26

1%128=26=26

Conv

W {128x128x1x1}
B (128)

Div
B =1.41421353...

1x128x26x26

1x128=26x26
1x128x26x26

Conv

W {128x1=5=5}
B (128}

Div
B 41421353

1x128x26x26

1x128x26%26

1x128x26%26 1%128%26% 26

1x128x%26x26

1x128x26%26

1x128x26x26
1%128x26x26

1x128x26x26

1x128x26x26 1x128%26x26

Conv

W {128%1x5x5)
B {128}

1x128x26x26
12128x26x26

1x128x26x26
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\ / 1x128=26x26

1= 128=26x%26

1=128%26%26

Conv

W {128x128x1x1)
B (128}

Div
B = 1.41421353...

1%x128x26x26

1%128=26x%26

1x128=26x%26

1%128x26x26

1x128x26%26

1%128=26=26

B=05 \

1%128x26x26
1x128=1=1
Flatten

1=128

B {7x128)
c{n

1=7
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TIOJATOK JT

Bizyanizaiist MaTpHilb MOMUIOK, OTPUMAHUX MIPHU TECTYBaHHI MOJIEEH

True label

True label

True label

Vanilla CNN MobileNet V1*
angry JIEECE S0 21 80 33 0 2 700 angry 17 61 25 0 10 700
disgust{ 60 BEEPMN 43 6 8 0 78 €00 disgust - 600
fear{ 50 26 8 54 o 63 200 fear{ 33 500
400 % 400
happy{ 8 41 101 74 0 26 5 happy{ 88
2
300 Lo 300
neutral { 14 43 s 53 neutral { 21
200 200
noise{ O 1 3 3 noise{ ©
100 100
sad{ 7 53 85 38 116 0 sadq{ 11 64 64 33 57 1
T T T T T T 0 T T T T T T 0
angry disgust fear happy neutral noise sad angry disgust fear happy neutral noise sad
Predicted label Predicted label
MobileNet V2* DenseNet*
angry 73 26 54 17 0 19 700 angry 20 55 18 0 11 700
disgust - 54 0 57 600 disgust 46 0 64 600
fear { 24 500 fear{ 48 500
400 % 400
happy 1 90 » happyq 75
=4
30 300
neutral 1 13 neutral { 20
200 200
noise{ 0 noise{ 0
100 100
sad4{ 13 63 54 27 sad{ 12 72 38 35 50 2
T T T T T T 0 T T T T T T 0
angry disgust fear happy neutral noise sad angry disgust fear happy neutral noise sad
Predicted label Predicted label
*
ResNet ShuffleNet V1*
angry 27 55 22 1 11 700 angry 23 50 21 0 17 700
disgust - 24 46 43 0 52 600 disgust - 26 31 66 0 54 600
fear | 27 23 00 fear{ 24 500
400 % 400
happy 1 68 50 o happy{ 63
=
300 F 300
neutral { 15 31 neutral { 20
200 200
noise{ 0 0 noise{ 0
100 100
sadq 4 54 41 28 sad4{ 8 39 42
0 0

angry disgust fear happy neutral noise sad
Predicted label

fear happy neutral noise sad
Predicted label

anéry disghst

Pucynoxk JI.1 — MaTpwuiii moMusiok



True label

True label

ShuffleNet V2* SqueezeNet*
angry 45 17 50 19 0 S 700 angry 27 50 18 1 11
disgust {1 44 30 36 56 0 43 600 disgust
fear{ 33 33 68 22 0 s3 200 fear{ 40
78 52 64 43 0 20 400 % 75
happy 1 o happy 1
300 E
neutral {1 15 35 44 21 neutral 1 14
200
noise{ O 1 1 0 noise{ O
100
sad4{ 11 59 58 22 41 1 sad{ 8 37 58 25 45
T T T T T T 0 T T T T T T
angry disqust fear happy neutral noise sad angry disgust fear happy neutral noise sad
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>
2
30
neutral { 23 neutral { 12 32
200
noise{ 0 noise{ O 1
100
sad4{ 14 57 56 23 sadq 12 43 51 24 1
T T T T T T 0 T T T T T T
angry disgust fear happy neutral noise sad angry disgust fear happy neutral noise sad
Predicted label Predicted label
ConvMixer*
angry 17 54 14 0 7 700
disqust { 34 26 47 40 2 40 600
fear 4 30 500
2
© 400
A happy 1 87
= 300
neutral { 24
200
noise{ 0
100
sad{ 8 54 61 37 40 1
0

angry disgust fear happy neutral noise

Predicted label

sad

Pucynox /1.1 — Matpuiii noMusok (mpoaOBKEHHS)
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