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1 O01mMe moJ1oKeHus

HacTosmuii 1oKyMeHT npeacTaBisieT coO0i pyKOBOACTBO aJIMUHUCTPATOPA
nporpaMMHOro obecneuenus «poodo-mec “Finder”» ganee [10. PykoBoactso
OIIpeneNseT MOPSI0K YCTaHOBKH, HACTpoiiku 1 anMuHucTtpuposanus [10. Iepen
YCTaHOBKOM M 3KCIUTyaTalllel CUCTEMbl PEKOMEHIYETCSl BHUMATEIbHO O3HAKOMUTHCS
C HACTOSILMM PYKOBOACTBOM. /JOKyMEHT MOArOTOBIIEH B COOTBETCTBHU C PJI 50-
34.698-90 - B yacTH CTPYKTYpPHI M COJICPIKAHUSI TOKYMEHTOB, U B COOTBETCTBUU C

['OCT 34.201-89 - B yacTu HauMeHOBaHUS U 0003HAYECHUS TOKYMEHTOB.

1.1 HamMeHOBaHHE IPOrPaMMbI

HanmMeHnoBanue nporpaMMHOro mpojaykra: podo-nec “Finder”.

1.2 HaumeHoBaHMe JOKYMEHTOB, HA OCHOBAHUM KOTOPBIX BeJAeTCsl
NMPOEKTHPOBAHNE CHCTEMBbI
Coznanue I[10 ocymiecTBisieTcsl HA OCHOBAaHUU TPEOOBAHUM U MOJIOKEHUN

CJEYIOIIMNX TOKYMEHTOB: 3aJJaHUE.

1.3 Ilepeyens opranu3anmi, y4acTBYIOIIMX B pa3padoTKe CHCTEMbI

Pa3paborunku: ctyaeHT KoMcomonbckoro-Ha-AMype rocy1apcTBEHHOTO
TeXHU4YecKoro yuusepcurera A.M. UepHUKOB.
3aka3zuuk: KoMcoMonbCkuii-Ha-AMype TOCYJapCTBEHHBIM YHUBEPCUTET,

CTYZAEHYECKOE KOHCTPYKTOPCKOE 0r0po «HTeNIeKTyaabHble TEXHOIOT M.



1.4 CBenenusi 00 MCIIOJIBL30BAHHBIX NIPH NPOEKTHPOBAHUM HOPMATHBHO
TEXHHUYECKUX JOKYMEHTAX

[Ipu npoeKTUPOBAHUHU UCIIOJIB30BAHBI CIEAYIOIINE HOPMATUBHO-TEXHUUECKHE
JIOKYMEHTBHI:

-T'OCT 19.101-77 — Buasl mporpaMM U IPOrpaMMHBIX JOKYMEHTOB.

- I'OCT 19.106-78 TpeboBanus K pOrpaMMHBIM IOKYMEHTaM, BBITIOJIHEHHBIM

MIEYATHBIM CIIOCOOOM.

- 'OCT 19.201-78 Texuudeckoe 3aanue, TpeOOBaHUS K COACPIKAHUIO U

0(OPMIICHHUIO;

- T'OCT 19.301-79 IIporpamma u MmeToauKa ucnbiTanuil. TpeGoBaHus K

coJiep)KaHuio ¥ 0(hOPMIICHUIO.

- T'OCT 2.004-88. Equnasi cuctemMa KOHCTPYKTOPCKOM JoKyMeHTaruu. Oomme

TpeOOBaHMSI K BBITIOJHEHUIO KOHCTPYKTOPCKUX TEXHOJIOTHYECKUX JTJOKYMEHTOB

Ha TeYaTaronmXx U rpaguueckux ycTpoicTBax BeiBoga IBM.



2 Ha3zHaveHne U NPUHIMI A€ CTBUSA

2.1 HazHauyenue u3gens

HporpaMMHoe obOecreueHue AL pErp€CCUOHHOTIO MOACTINPOBAHUA

2.2 O0/1aCcTH UCIOJIL30BAHUSA W31EJIUA

[TporpamMmMHOe obecrieueHuEe MOXKET MPUMEHSITHCS 17151 YOOpKH Mycopa, paboThI

Ha CKJIaJC U Ha OIIaCHBIX 00BEKTAaX.

2.3 llpuHumn geiicTeus

Cucrema pacno3HaeT KECT U BBIIOJIHAET COOTBETCTBYIOLLYIO 3TOMY KECTY

KOMaH/y.



3. Onucanue NporpaMMHOro odecnevyeHust

3.1 Onucanue padboThl IPOrPAMMHOIO O0ecneYeHust

PCSYJIBTaT pa6OTBI PIHTCJIJICKTy&JIBHOﬁ CHUCTCMBI — BBIIIOJTHCHHUC KOMaH/BI,

COOTBETCTBYIOIICH MOKa3aHHOMY XKECTY.

Pucynox 1 — xonp0a



PucyHOK 2 — mpbIXkOK

Pucynok 3 - cBepHyThCS

3.2 Bxoaubie JaHHBIE

KapTtunka ¢ kamepbl Win Mo I00HOTO YCTPOMCTBA
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4. TekcT NporpaMmal

Jluctunr 1 — dataset.py

torch
torch.utils.data Dataset
numpy np
0s
pandas jelel
cv2
torchvision transforms

GestureDatasetDots (Dataset) :

__init  ( x skeleton, y gesture):

super (GestureDatasetDots, self). init ()

self.gesture = { S
: }

self.x skeleton = x skeleton

self.y gesture = y gesture

len (self) :

len(self.y gesture)

__getitem (self, index):

x skeleton = self.x skeleton[index]
y _gesture = self.y gesture[index]

torch.tensor (x skeleton, dtype=torch.float32) A\
torch.tensor (self.gesture[y gesture], dtype=torch.long)

GestureDatasetPics (Dataset) :

__init (self, csv_path):

super (GestureDatasetPics, self). init ()

self.gesture = { g
: }

self.gesturel = {

: }

self.df = pd.read csv(csv_path)

self.df = self.df[self.df|

self.df = self.df.reset index()

self.x hands path = self.df[

print (self.x hands path)

self.x dot hands path = self.df]

print (self.x dot hands path)

self.target = list(map(int, list(self.df] 1)))

self.train transform = transforms.Compose ([transforms.ToPILImage ()
transforms.RandomHorizontalFlip ()

transforms.RandomRotation (degrees= (- ))

transforms.ColorJitter (brightness= contrast= saturation= )
transforms.ToTensor () ])




self.test transform = transforms.Compose ([transforms.ToPILImage ()

transforms.ToTensor () ])

__len (self):

len(self.target)
(self

__getitem index) :

x _hand = c;2.imread(self.xihandsipath[index})
x dot hand = cv2.imread(self.x dot hands path[index])

target = self.target[index]

self.train transform(x hand) \
self.train transform(x dot hand) \

torch.tensor (target

_name ==

7test7dgtaset = GestureDatasetPics (

)
hand, dots
print (hand)
print (hand.size () )

Jluctunr 1 — model.py

GestureModel (torch.nn.Module) :

dtype=torch.long)

label = test dataset. getitem (1)

( n_hidden neurons) :

(GestureModel ) .

.d = nn.Dropout (p= )

()

.activation = torch.nn.RelLU()

.fcl = torch.nn.Linear (
.bnl

n _hidden neurons)

nn.BatchNormld(n hidden neurons)

e} torch.nn.Linear (n_hidden neurons )

.bn?2 nn.BatchNormld (6)

forward ( X) :

X = x.view(x.shape[0] -1)

X = .d( .activation (

X .activation ( .bn2 (
X

test model () :
model = GestureModel (

(model)

* EE@SE =
torch.tensor (np.load
] =torch.float32)
X test = torch.unsqueeze (x test

.bnl ( .fcl (x))))
.fc2(x)))




“h.no_grad() :
(model (x test))

HandFuzingModel (torch.nn.Module) :
( n _hidden neurons, num hand features
num hand dots features) :
(HandFuzingModel o ()
.n_hi n_neurons = n_hi I _Nneurons
.num_hand features = num hand features
.num_hand dots features = num hand dots features

.nn.BatchNormld (5)
.nn.Dropout ( )
= to .nn.RelLU ()

1.
.nn.Linear (2*n_hidden neurons

_hand
X

fuze out =
fuze out

__name ==
test model ()
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Jluctuar 3 — main.py

oS
torch

PreProces

train ~ai train cnn

classic learning learning

config.config cla StartConfig
utils get co ig data

(os.path.join(os.environ|

_config.gpu)
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Jluctuar 4 — prepare_models.py
0s
torchvision.models models
torch

prepare models (model hand name= model dot hand name=
model path= ) g

model hand = models. [model hand name] (

model dot hand = models. [model dot hand name] (

model hand.cpu ()
model dot hand.cpu ()

torch.save (model hand, os.path.join(model path
model hand name ))

torch.save (model dot hand, os.path.join(model path
model dot hand name ))

model hand, model dot hand

Jluctunr 5 — PreProcess.py
cv2
os
numpy np
mediapipe mp
pandas pd

csv_gen (path dataset) :
df = pd.DataFrame ()
modes = [
gesture = {
: 5}
path dots = os.path.join(path dataset

path images = os.path.join(path dataset

os.mkdir (os.path.join (path dataset

os.mkdir (os.path.join (path dataset

mode modes:

path = os.path.join(path images, mode)

classes folders = [folder folder os.listdir (path)
folder folder]

os.mkdir (os.path.join (path dataset




os.mkdir (os.path.join (path dataset

folder classes folders:

path folder os.path.join (path, folder)
image names = [image image os.listdir (path folder)

os.mkdir (os.path.join (path dataset mode, folder))
os.mkdir (os.path.join (path dataset mode, folder))

image name image names:

(path folder + + image name)
image = cv2.imread(os.path.join(path folder, image name))
mp_hands = mp.solutions.hands

mp_ hands .Hands (

= ) hands:
results = hands.process (cv2.cvtColor (image
cv2.COLOR BGR2RGB) )

results.multi hand landmarks:
hand landmarks results.multi hand landmarks:

coef x = - hand landmarks.landmark[9].x
coef y = - hand landmarks.landmark[9].y
blank image = np.zeros (( ), np.uint8)

X arr = ()
Y arr = ()

i, point (hand landmarks.landmark) :
X = ((coef x + point.x) * )
Y = ((coef y + point.y) * )

cv2.circle (blank image (X, Y)

cv2.imwrite (os.path.join (path dots, folder
image name)
blank image)

X arr.append(point.x)
Y arr.append(point.y)

df = df.append ({ : image name
os.path.join (path dataset
mode, folder, image name)
os.path.join (path dataset




mode, folder, image name)

gesture[folder]}

cv2.imwrite (os.path.join (path dataset mode, folder
image name), blank image)

image crop = cvZ.imread(os.path.join (path folder, image name))

height, width, channels = image crop.shape

image crop = image crop| ( (Y arr) * height): ( (Y arr)
* height)

(X _arr) * width) : (X _arr) *

width) ]

image crop = cv2Z.resize (image crop ))

cv2.imwrite (os.path.join (path dataset mode, folder
image name), image crop)

df.to csv(os.path.join (path dataset

Jluctunr 6 — train.py

(OFS)

tgdm
random
numpy np

torch.utils.tensorboard SummaryWriter

torch

torch.optim optim
torch.optim.lr scheduler StepLR
torch.utils.data DataLoader
torch nn

model GestureModel, HandFuzingModel
dataset GestureDatasetDots, GestureDatasetPics

sklearn.metrics accuracy score, fl score, precision score
recall score, classification report, confusion matrix
prepare models prepare models

train(config data):
model = GestureModel (

writer train = SummaryWriter (
writer test = SummaryWriter (

x _train np.load(os.path.join(config data.data path

))
y _train np.load(os.path.join(config data.data path

))




x val = np.load(os.path.join(config data.data path
))

y val = np.load(os.path.join(config data.data path
))

train dataset = GestureDatasetDots (x train, y train)
train dataloader = DatalLoader (train dataset
=config data.batch size)

val dataset = GestureDatasetDots (x val, y val)
val dataloader = Dataloader (val dataset =config data.batch size)

random.seed (0)
np.random.seed (0)
torch.manual seed(0)
torch.cuda.manual seed(0)

opt = optim.Adam ([ { : (model.parameters () )
config data.learning rate}]
=config data.weight decay)
scheduler = SteplLR (opt = = )
loss = nn.CrossEntropyLoss ()

e (config data.epochs) :

model.train ()

running loss =

precision =
X, Y (tgdm.tgdm(train dataloader)) :
opt.zero grad()
prediction = model (x)

precision += precision score(y.view (-1) .cpu()
torch.max (prediction.data.cpu() ) [1] = )

loss batch = loss(prediction, y) / (y)
loss batch.backward()

opt.step()

running loss += loss batch.item()

scheduler.step ()

running loss = running loss / (train dataloader)
precision = precision / (train dataloader)

writer train.add scalar( running loss, e)
writer train.add scalar ( precision, e)

model.eval ()
running val loss =




precision =

X, y (tgdm. tgdm (val dataloader)) :
torch.no grad() :
prediction = model (x)
precision += precision score(y.view(-1) .cpu()
torch.max (prediction.data.cpu() ) [1] = )
loss val batch = loss (prediction, y) / %)
running val loss += loss val batch.item()

precision = precision / (train dataloader)
running val loss = running val loss / (val dataloader)
writer test.add scalar( precision, e)
writer test.add scalar ( running val loss, e)

train cnn(config data, device):

os.mkdir (os.path.join(config data.model path))

usePretrainedFisungModel =

usePretrainedFisungModel:

model hand = torch.load(
model dot hand = torch.load(
model fuzing hand = torch.load(

model hand, model dot hand prepare models (

model hand = nn.Sequential (* ( (model hand.children()) [:-11))
model dot hand = nn.Sequential (* ( (model dot hand.children()) [:-1]))
model fuzing hand = HandFuzingModel ( )

param model hand.parameters () :
param.requires grad =

param model dot hand.parameters() :
param.requires grad =

param model fuzing hand.parameters() :
param.requires grad =

writer train = SummaryWriter (
writer test = SummaryWriter (

loss = torch.nn.CrossEntropyLoss ()
loss.to (device)

opt = optim.Adam ([ { 3 (model hand.parameters()) +
(model dot hand.parameters()))
config data.learning rate}
(model fuzing hand.parameters ())
config data.learning rate *
config data.learning rate fusing coefficient}
] =config data.weight decay)




scheduler = SteplLR (opt

model fuzing hand = model fuzing hand.to (device)
model dot hand = model dot hand.to (device)
model hand = model hand.to (device)

train dataset = GestureDatasetPics (os.path.join(config data.data path
))

val dataset GestureDatasetPics (os.path.join (config data.data path

))

train dataloader = DataLoader (train dataset
=config data.batch size)
val dataloader = DatalLoader (val dataset =config data.batch size)

e config data.epochs + 0):
2)

model hand.train ()
model dot hand.train()
model fuzing hand.train ()

running loss =
precision =

fl =
classification =
accuracy =

x _hand, x dot, vy (tgdm.tgdm (train dataloader)) :
x _hand = x hand.to(device)

x dot = x dot.to(device)

y = y.to(device)

opt.zero grad()

hand prediction = model hand(x hand)

dot prediction = model dot hand(x dot)

prediction = model fuzing hand(hand prediction, dot prediction)

prediction for metrics = torch.max (prediction.data.cpu/() ) [1]
target for metrics = y.view(-1) .cpu()

precision += precision score (target for metrics
prediction for metrics
= )
fl += f1 score(target for metrics, prediction for metrics

)

accuracy += accuracy score (target for metrics




prediction for metrics, )

loss batch = loss(prediction, vy) / (v)
loss batch.backward()

opt.step ()

running loss += loss batch.item()

scheduler.step ()

running loss = running loss / (train dataloader)
precision = precision / (train dataloader)

f1 = £1 / (train_dataloader)

accuracy = accuracy / (train dataloader)

writer train.add scalar ( running loss, e)
writer train.add scalar ( precision, e)

writer train.add scalar( f1, e)

writer train.add scalar ( accuracy, e€)

e % == 0:
torch.save (model hand, os.path.join(config data.model path

.format (e)))
torch.save (model dot hand, os.path.join(config data.model path
.format (e)))
torch.save (model fuzing hand, os.path.join(config data.model path
.format (e)))

model fuzing hand.eval ()
running val loss =
precision =

fl =

classification =
accuracy =

x hand, x dot, y (tgdm. tgdm (val dataloader)) :
x _hand = x hand.to (device)

x dot = x dot.to(device)

y = y.to(device)

torch.no grad() :
hand prediction = model hand(x hand)
dot prediction = model dot hand(x dot)
prediction = model fuzing hand(hand prediction, dot prediction)

prediction for metrics = torch.max (prediction.data.cpu() ) [1]
target for metrics = y.view(-1) .cpu()

precision += precision score(target for metrics
prediction for metrics




fl += fl score(target for metrics, prediction for metrics

)

accuracy += accuracy score (target for metrics
prediction for metrics)

loss val batch = loss(prediction, y) / (v)
running val loss += loss val batch.item()

precision = precision / (train dataloader)
fl1 = f1 / (train_dataloader)

accuracy = accuracy / (train dataloader)
running val loss = running val loss / (val dataloader)

writer test.add scalar ( running loss, e)
writer test.add scalar( precision, e)
writer test.add scalar( f1, e)

writer test.add scalar ( accuracy, e€)

Jluctunr 7 — train_test_divide.py

(O)S]
cv?2

data path =

classes folders = [
modes = [

cur class classes folders:

path = os.path.join(data path, cur class)
index =
image name [x X os.listdir (path) x.find (
image path = os.path.join(path, image name)
index +=
index >
index =
image = cv2.imread (image path)
(image path)
index == index == index ==
cv2.imwrite (os.path.join(data path, modes[l], cur class
image name) image)

cv2.imwrite (os.path.join (data path, modes([0] cur class
image name), image)




Jluctunr 8 — config_classes.py

dataclasses datacl

modglipath:

learning rate:

learning rate fusing coefficient:
weight decay:

batch size:
pretrained models:

Jluctunr 9 - start_config.yaml

yaml

get config data (path
(path to c
yaml.loac
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