JIOJATOK A

['padiunnmii matepian kBanidikaiiiHoi poooTH
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XapKiBCbKWIA HaUioHanbHWA yHiBepcuTeT
pajioenekTpoHikn

METOA PO3MI3HABAHHS XECTIB
AAS IHTEPAKTUBHOTO KEPYBAHHS KOMIM'KOTEPOM 3
YPAXYBAHHAM KOHTEKCTHOI AAAMNTALLIT

BrkoHas:

ctyaeHT rpynm ClNm-23-4 binoycos LLA.
HaykoBmi KepiBHUK:

AoL. boaorosa H.M.

META

PO3p0OBUTM METOA PO3MIZHOBAHHSA XECTIB, AKMM QBTOMATMHHO TACQMTYE
IHTEPNPETALIID PYXiB A0 AKTMBHOI NPOrPAMM, MPALKOE HA THMMOBIM BEO-
Kamepi 1 He noTpebye CnewiaAi30BAHOrO CEHCOPA.

* OMPALIOBATH CyYaCHI Niaxoam CV 1a DL aas gesture-Ul;

* BMOpaTK BIBAIOTEKM TO CAOOPAMYBATH APXITEKTYPY CHUCTEMM;
* CTBOPWTH MATEMATHHHY MOAEAL;

* PEAAI3YBATH KAQCUADIKATOP;

* 306Ee3Me4YmTM KOHTEKCTHY CAQMNTALLIO;




3a xapakrepom:

« CTaTu4Hi,
[LO3BONAKTL
MUTTEBO pearysaTtu
Ha NpocTi KOMaHAW;

« AnHaMmiyHi,  AaroTb
3Mory peanisysatu
MPOKPYTKY uun
nepenncTyBaHHS.

KAACUPIKALIA XECTIB

3a KinbKicTo pyk:

+ OAHOpPYYHI xKectun
BaXc/MBi Ha MOBINbHMX
i nopTaTUBHMNX
NPUCTPOAX;

« [BOpyu4Hi
3abe3neuyoTb  BUCOKY
HagilHiCTb ans

KPUTUYHWX onepaLijii.

3a pyHKUioHaNbHO
CEMaHTUKOHO:

+ MaHinynauiiHi xectu

BiANOBIAalOTb aii

MIALLI,

+ Hasirauinni —
MPOKPYyYyBaHHIO  Ta
MacliTabyBaHHO, a

CUCTEMHI — 3anycky
abo 3YMUAHL
npouecie.
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OlASA ICHYIOHYUX NMIAXOAIB

HOG + SVM

CNN 2D/3D
RNN / LSTM

(Alas 2022)

Viola-Jones (Haar-kackaam)

Skeletal Heuristics (lonescu 2005)  °*

ST-GCN (Yan 2018)
Lightweight CNN + MediaPipe 0 55 o

TouHicTe
=)
o
[

EBONOUIR MeToRiE po3nizHaBaHHA wecTis (2000-2025)

I

OB4ncnoBansHa CKAMLHICTE

[

2010 2015 2020
Pir

w

v

-




3ATAAbHA APXITEKTYPA
3ACTOCYHKY

— - Bythep kaaple -
UMTaNHR KAAPY
JAXONNEHHA KAARY s Gydepa
I = ~
BinuTpauin Tpexep
(OpenCV) MediaPipe
& I v |
s ~ ~
Bapin Hopaanizauia
i ek paH KOORARHAT
" I J !
F ™ ™
NpwdHaTTS -l Knacuipinarop
MITHI MECTY Metric / ST-GCN
L | J Bydep MiToK 1 y,
s = ™
Context 3ANME MITRI
Despatcher w Gybep
w | - A
' )
Action
Sender
- —

MATEMATU4HHA MOAEAb
HOPMAAI3ALLIT AEHAMAPOK

1. TpaHCALLIS: 30 ONOPHY TouKy oBparo WRIST.
AAR KOXHOI AEHAMAPKU Pi OBHUCAIOEMO BEKTOP Vi = Pj — Po.
2. MaclwtabyBaHHs:
6a308010 AOBXMHOIK ©Gepertscs BIACTAHL MiX  WRIST i
MIDDLE_MCP (iaekc 9):

d = llpo — psll;

vi=vi/d.
3. OnujoHaAbHE BUPIBHIOBAHHS:
KYT NOBOPOTY KMCTI ¥ NAOLLUMHI XY BU3HAYAETLCS 30 BEKTOPOM
Po — Ps (OCb AOAOHI) | KOMNEHCYETbCE MaTpuLelo R(-6).

Qi = R(-6) - (pi—pe) / d — HOPMOAI30BAHMIA BEKTOP (X, Y, Z))




PEAAISALLIA MPOTPAMHUX
MOAYAIB

moin.py 3anyCckKae ABA NOTOKKM. OAMH

MOAIOE iHTepdbenc,
0bpobade kaapU.

3ibpat AOACQTKOBI NPUKACAN MOXHO
create_data_gestures.py;
6es

YTHAITOIO
BOHA AOAQE HOBI  3ANMUCH
nepesanucy icHyo4yoro JSON,
Ha  UML-aiarpami  BWAHO,

KOHKpEeTHOro

APYrHiA

Lo
ContextDispatcher He 3aaexwutb Bia
QAFOPUTMY

VideoCapture

MainApp GestureDetector

ContextDispatcher

ActionSender

PO3MI3HABAHHA — BiH MPALIOE AMLLIE

3 MITKOIO M 30roAOBKOM BIKHO.

EKCNEPUMEHTAABHA OLUIHKA
CUCTEMMU
Ha cnabkux npucTposix  MOXHa it o B e B il

oTpUMaTK Malixxe MWTTEBY peakuito, a
Ha Cy4yacHWX HoyTbykax KopucTyBad
MaTUMe Kpallly TOUHICTb 6e3 Big4yTHOI
BTpaTW LWBWAKOAI. CucTeMa THy4Ko
aflanTyeTbCA A0 pecypciB, BUKOHYOUN
roNoBHY MeTy poboTn — 3abe3aneynTtu
NpakTU4HUA BanaHc MK SKiCTHO Ta
NPOAYKTUBHICTIO.

nggkinbm WBWAKO Ta TOYHO NPauloe npoToTun

Q9B
96 |

94

Top-1 ToOYHICTL, %

92t

%0 ST-GCN+LSTM

CepeaHs NaTeHTHICTL, MC
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NIACYMKOBI NEPEBATU
PO3POBAEHOI CUCTEMU

1. Mpauoe HA 3BUYAMHIM BED-KOMEPI — XOAHMX TAMDUHHMX
CeHCcopiB b0 PYKABUYOK.,

2. PeaabHUM YaOC — cepeaHs 3atpumka < 20 mc; iHTepdoeinc
HE (MEPEXTUTLY 3ABASKM NAPAAEABHUM MOTOKAM.

3. KoHTEKCTHO aAQnTALis — OAMH XECT BUKOHYE Pi3Hi Al ¥
PI3HKX NPOrPAMAX; AOACBAHHS NPABUA B3 NepeKoMMiAdLLL.
4. THYYKMM KAQCUODIKATOP — ABTOMATUYHE NEPEMUKAHHS MIX
HEKOHOMHUMM) TA (TOYHMMY PEXUMOAMM MiaA ANAPATHI
pecypcu.

5. BiakpwuTe M3 10 po3LMPIOBAHICTE — KOA Ha Python,
CTPYKTYPQ MOAYAIB AO3BOASE AETKO IHTETPYBATU HOBI XECTM 1
MOAEAI.

BUCHOBKU

1. PEQAI30OBAHO NPOTOTUN, LLLO NPALKOE HA 3BUYAMHIM BED-KaMeEPI 1
3a6e3nevye ToYHICTL 97-98 % npu 3atpumu < 20 mc.

2.3anponoHOBAHO YHIBEPCOABHY HOPMOAIZALLIIO AEHAMAPOK i
ABOPIBHEBWMI KAQCMADIKATOP, KM QBTOMATMYHO BAAQHCYE (AKICTb «»
LLIBMAKOAISM.

3.BNpoBAAXEHO KOHTEKCTHY AACQMTALLIO, LLLO AO3BOASE OAHOMY XECTY
BUMKOHYBATM Pi3HI All 30AEXHO BiA GKTMBHOI MPOMPAMM.

4,Pe3yAbTaTU AOCAIAXKEHHS ONYOAIKOBAHO Y CTATT —_—
Boacoroea H.M., binoycos |LA. MeToa pO3ni3HABAHHS XECTIB AAS
IHTEPOKTUBHOTO KEPYBAHHS KOMM'IOTEPOM 3 YPOXYBAHHAM
KOHTEKCTHOI aaanTtaui / CUCTEMM YNPABAIHHS, HABIrALi TO 3B'93KY.

2025. Bun.2 (80). C. 83-89.
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JIOJIATOK B

BuxigHuit Ko 3aCTOCYHKY

b.1 Monyns po3mi3HaBaHHS JKECTIB

import tkinter as tk

from tkinter import messagebox

import time

import json

import os

import threading # JomaHo mOjig NOTOK1B
import keyboard

import cv2
import numpy as np
from PIL import Image, ImageTk

import mediapipe as mp
import win32gui

import win32con
import pyautogui

# - HanmamryBaHHA Ta riobajibHl 3MiHHI —-—-—-——————-—
JSON_FILE = "gestures data.json" # ®amn i3 xecTamu
THRESHOLD = 0.06 # Tlopor nopiBHAHHS
running = False

cap = None

hands processor = None
last gesture time = 0
is playing = False

# 30epiraemo nomnepenHi kxoopmmHaTH naneud (ona r twofingers...)
prev_finger x = None
prev_finger y = None

# Comcok CcJiB, MmO BKA3YWThL, MO BikHO € mnjaeepom (YouTube, VLC
TOIIO)
PLAYERS = [
"YouTube", "VLC", "Windows Media Player", "Spotify",
"Netflix", "AIMP", "Kinopoisk", "Winamp", "Okko", "ivi",
"Google"
]

# TynoBanbHMIM CJIOBHMK IOJIS XEeCT1B
gestures db = {}

# T'yoBanbHl 3MiHHI Ong oOMiHYy IaHMMM MiX [DOTOKAMU
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current frame = None
current gesture label = None
current coords = None

frame lock =
current frame
result lock = threading.Lock()
current gesture label

stop event = threading.Event ()

threading.Lock ()

mp hands = mp.solutions.hands

T —— 1.

def auto adjust brightness contrast (image,
cv2.cvtColor (image,
cv2.calcHist ([gray]l, [0],None, [256], [0,256])

gray =

hist =
= (256,1)

hist size = len(hist)

accumulator =

maximum = accumulator[-1]

$= Sk S

[float (hist[0,017)]
for 1 in range(l, hist size):
accumulator.append (accumulator[i-1]

OcTaHHiV kaIp 3 KaMepwu
PosmnisHaHUM XecT
Koopmuuatu (21, 3)
BjiokyBaHHS IJiIS IOOCTYIY IO

BriokyBaHHA OJi4 OOCTYIIY IO

IJia 3yNOMHKM [IOTOKY

ABTOKOPEKI1a SCKPaBOCT1/KOHTpPACTy —-————————-—

clip hist percent=1l)

cv2.COLOR BGRZ2GRAY)

# shape

+ float (hist[i,0]))

[
clip hist percent *= (maximum / 100.0)
2

clip hist percent /= 2.0

min gray = 0

while min gray < hist size and accumulator[min gray] <

clip hist percent:
min gray += 1

max gray = hist size - 1

while max gray >= 0 and accumulator[max gray] >=

clip hist percent):
max gray -= 1

if max gray <= min _gray:
return image

255.0 /
-min gray * alpha

alpha =
beta =

auto result =

beta=beta)
return auto result

b ommmmmmm 2.

cv2.convertScaleAbs (image,

BaBaHTaxeHHa xecTiB 13 JSON

(maximum -

(max gray - min gray)

alpha=alpha,

def load gestures from json(json file):

if not os.path.exists(Jjson file):

print (f" [WARN] danmn {json file} He 3HanmmeHo.")

return {}
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try:
with open(json file, "r", encoding="utf-8") as f:
data = json.load(f)
except (json.JSONDecodeError, OSError):
print (f" [WARN] ®amn {Jjson file} nopoxHil abo
[IOWKOIXeHUM . ")
return {}

gestures dict = {}
for entry in data:
label = entry.get("label™, "")
hands arr = entry.get ("hands", [])
if not hands arr:
continue
first hand = hands _arr([0]
Im list = first hand.get ("landmarks", [])
if len(lm list) != 21:
continue

arr coords = []
for Im in Im list:

X, y, 7 — lm["X"], lm["y"], lm["Z"]
arr coords.append([x, y, z])
arr coords = np.array(arr coords, dtype=np.float32)

if label not in gestures dict:
gestures dict[label] = []
gestures dict[label] .append(arr coords)

print (f" [INFO] XecTtu s3apaHTaxeHO 3 {Jjson file}:
{list (gestures dict.keys())}")
return gestures dict

# - 3. Hopmanizauis Ta HOpiBHAHHS —-——————--—-
def normalize landmarks (landmarks 21):
coords = landmarks 21.copy() # shape=(21,3)
wrist = coords[0, :].copy ()
coords -= wrist

dist sg = np.sum(coords * coords)

dist = np.sqrt(dist sqgq) 1f dist sg > le-6 else le-o6
coords /= dist

return coords

def compare to label (coords norm, label):
if label not in gestures db:
return 999.0

dists = []
for ref in gestures db[label]:
ref norm = normalize landmarks (ref)
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dist = np.mean (np.sgrt(np.sum((coords norm -
ref norm) **2, axis=l)))
dists.append(dist)

mean dist = float (np.mean(dists))
return mean dist

$ - 4. PosnisHaBaHHS XeCTy —————————=—
def detect gesture local (frame) :

mwww - -

JlokanbHa OGyHKI1S, Ska BUMKOHYE PO3MNi3HABAHHA XeCTy (HE 3MI1HDOE
Tyo0aJIbHUX 3BM1HHUX) .

lloeepTae (gesture label, coords).

mwwan

i1f not gestures db:

return (None, None)

filtered = auto adjust brightness contrast (frame,
clip hist percent=1l)
rgb = cv2.cvtColor (filtered, cv2.COLOR BGR2RGB)
results = hands processor.process (rgb)
if not results.multi hand landmarks:
return (None, None)

hand 1Im = results.multi hand landmarks[0]

coords = []

for Im in hand lm.landmark:
coords.append([lm.x, lm.y, lm.z])

coords = np.array(coords, dtype=np.float32)

coords norm = normalize landmarks (coords)

best label = None
best dist = 999.0
for 1bl in gestures db:
dist = compare to label (coords norm, 1lbl)
if dist < best dist:
best dist = dist
best label = 1bl

print (f" [DEBUG] best label={best label},
best dist={best dist:.4f}")
if best dist < THRESHOLD:
return (best label, coords)
else:
return (None, coords)

b.2 Moaynb KOHTEKCTHOT ajganTariii
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¥ - 5. Pobora 3 BikHamm Windows —--——-——-——-——-—--
def get active window title():
hwnd = win32gui.GetForegroundWindow ()
title = win32gui.GetWindowText (hwnd)
return hwnd, title
def is player window (title):
if not title:
return False
low title = title.lower()
for kw in PLAYERS:
if kw.lower () in low title:
return True
return False

# - 6. KepyBaHHS B1OTBOPEHHSAM —————————-—
def start playback():

global is playing

keyboard.press ('space')

keyboard.release ('space')

is playing = True

print (" [INFO] -> crapT BimTBOpPeHHSA")
def stop playback() :

global is playing

keyboard.press ('space')

keyboard.release ('space')

is playing = False

print ("[INFO] -> s3ynmuHka BigTBOopeHHSa")
# ========== 7. YnOpaBJIlHHS KypCOpPOM (OBl TOUKMK) ==========
prev_finger x = None

prev_finger y = None
def handle two fingers and click relative(gesture label, coords,
frame shape, screen size=(1920, 1080), scale factor=1.0):

global prev finger x, prev finger y

global last gesture time

if coords is None or coords.shape != (21, 3):
return
finger x = coords([8, 0]

finger y = coords([8, 1]
if prev finger x 1s None or prev finger y is None:

prev_finger x = finger x
prev_finger y = finger y
return
dx norm = (finger x - prev finger x)
dy norm = (finger y - prev finger y)
screen w, screen h = screen size
dx pixels = dx norm * screen w * scale factor * -1
dy pixels = dy norm * screen h * scale factor

cur x, cur y = pyautogui.position ()
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new x = cur X + dx pixels
new y = cur y + dy pixels
if gesture label == "r twofingers palm":
pyautogui.moveTo (round (new x), round(new y), duration=0)
elif gesture label == "r twofingersoneclick palm":
now = time.time ()
1f now - last gesture time > 2:

pyautogui.click (button="1left")

last gesture time = now
prev_finger x = finger x
prev_finger y = finger y

# - [loTrokoBa QyHKLI1g mjg OOpoOKM KaIpiB ————-—------—
def gesture detection thread() :
el mOTik NOCTiMHO umMTae kazp (current frame) 1 BMKOHYE
detect gesture local,
pesyJepTaTM 3anmcye y IiobasnbHl (current gesture label,
current coords).
global current frame, current gesture label, current coords
global stop event
while not stop event.is set():
# Bepemo kazp 3 current frame (3axucT uyepes frame lock)
frame lock.acquire()
temp frame = None
if current frame is not None:
temp frame = current frame.copy ()
frame lock.release ()
i1f temp frame is not None:
# BUKIMKAEMO JIOKAJIbBHY OGYHKIIiD po3mnisHaBaHHS
gesture label, coords =
detect gesture local (temp frame)
# 3BamnmucyeMo pesynbTaT (3axmucT depes result lock)
result lock.acquire ()

current gesture label = gesture label
current coords = coords
result lock.release ()
time.sleep(0.01) # Herpeyuka maysa, mob 3MEHIUTU
HaBaHTaXeHHHA
- 8. OcHoBHmMII umkin (Tkinter) ----------

def show frame () :
global running, cap, last gesture time
global prev finger x, prev finger y
global current frame, current gesture label, current coords
if not running:
return
ret, frame = cap.read()
if not ret or frame is None:
label video.config(text="Hemae curhnany 3 xamepu")
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root.after (500, show frame)
return
# BanmMcyeMo OCTaHHI1MV 3uMTaHUM Kanp y TJoBajibHy 3MIiHHY
(saxumeHno lock)
frame lock.acquire ()
current frame = frame
frame lock.release()
# 3uMTyeMO pesynbTaTM pPOo3NiszHaBaHHA (3axumeHo result lock)
result lock.acquire ()
gesture label = current gesture label
coords = current coords
result lock.release ()
# BuxopucrtoByeMmo gesture label, coords mna jorikm:
if gesture label is not None:

try:
hwnd, title = get active window title ()
label window name.config (text=f"AKTMBHE BiKHO:
{title 1if title else '-"}")
now = time.time ()
if gesture label in ["r open palm", "r close palm"]:
if now - last gesture time > 2:
if is player window(title):
if gesture label == "r open palm":
start playback()
elif gesture label == "r close palm":
stop playback()
last gesture time = now
if gesture label in ["r twofingers palm",

"r twofingersoneclick palm"]:
handle two fingers and click relative (
gesture label,
coords,
frame.shape[:2],
pyautogui.size (),
scale factor=1.0
)
else:
prev_finger x = None
prev_finger y = None
except Exception as e:
status label.config (text="Iomunka", fg="red")
messagebox.showerror ("llomunka", str(e))
stop program()

return
else:
# Hemae xecTy -> CKUIAEMO
prev_finger x = None

prev_finger y = None
# Iokas’yeMoO KapTMHKY (He GimbTpoBaHy, a opuriHan frame)
frame rgb = cv2Z.cvtColor (frame, cv2.COLOR BGR2RGB)
imgtk = ImageTk.PhotolImage (image=Image.fromarray (frame rgb))
label video.imgtk = imgtk
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label video.config(image=imgtk)
root.after (30, show frame)
def poll active window() :

if

try:

not running:
return

hwnd, title = get active window title ()
label window name.config(text=f"AxTmeHe BikHO: {title if

title else '-"}")
except:

label window name.config (text="AxkTuBHe BikHO: -—")

root.after (1000, poll active window)

b.3 Monynb 30epesKeHHS KEeCTiB

import
import
import
import
import
import

cv2

mediapipe as mp
numpy as np
json

os

time

def auto adjust brightness contrast(image, clip hist percent=1):
gray = cv2.cvtColor (image, cv2.COLOR BGR2GRAY)
# OBumcnmMo TicTorpamy
hist = cv2.calcHist ([gray], [0], None, [256], [0, 256])
hist size = len(hist)

accumulator = [float (hist[0])]
for 1 in range(l, hist size):

accumulator.append (accumulator[i - 1] + float(hist[i]))

maximum = accumulator[-1]
clip hist percent *= maximum / 100.0
clip hist percent /= 2.0

# Buaxommumo JiBuMM 1 OpaBuUM KPOII
min gray = 0
while accumulator[min gray] < clip hist percent:

min gray += 1

max gray = hist size - 1
while accumulator[max gray] >= maximum - clip hist percent:
max gray -= 1

# PospaxyHOK o Ta P miua convertScaleAbs ()
alpha = 255 / (max gray - min gray)



beta = -min gray * alpha
auto result = cv2.convertScaleAbs (image, alpha=alpha,
beta=beta)

return auto result

def collect two hands gesture data(gesture name: str,
output json: str =
"gestures data.json",
max num hands: int = 2):
# 1. 3aBanTaxyemo HagaBH1 mauni 3 JSON, moB He nepesanucaTH
dbanmn
if os.path.exists (output json):
try:
with open (output json, "r", encoding="utf-8") as f:
data = json.load(f)
print (£" [INFO] JSON: {output Jjson}, 3anmcis:
{len(data)}")
except (json.JSONDecodeError, OSError):
print (£" [WARN] ®anmn {output json} nomxkomkeHut abo
IOopOXHiN. [loumHaeMoO 3aHOBO.")
data = []
else:
data = []
print (" [INFO] CrBopoemo HOBUM JSON-dami.")

mp hands = mp.solutions.hands
mp drawing = mp.solutions.drawing utils

hands = mp hands.Hands (
static image mode=False,
max num hands=max num hands,
min detection confidence=0.5,
min tracking confidence=0.5

cap = cv2.VideoCapture (0)

if not cap.isOpened() :
print (" [ERROR] He Bmanocs BimkpuTu kxamepy.")
return

print ("[INFO] KepyBahHusa:")

print (" - HarwmcHiTep IIPOBIJI, mo6 30eperTu KOOPIMHATU
IIOTOYHOTO XecTy.")
print (" - HaTucHiTe ESC, mo® BUMTM 3 nporpamm.")

print (f" [INFO] 306umpaemo xectT: {gesture name}")

while True:
ret, frame = cap.read()
if not ret:
print (" [ERROR] He Bmanocs sumTaty kaigp 3 kamepu.")
break
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# 2. dinpTpauia xampy (aBTOKOpeKkllia sckpaBoCTi U
KOHTPACTY)

frame filtered = auto adjust brightness contrast (frame,
clip hist percent=1l)

# IleperBopieMO BGR — RGB njisa MediaPipe

rgb frame = cv2.cvtColor (frame filtered,
CVZ.COLOR_BGRZRGB)
results = hands.process (rgb frame)

# BipmoOpaxaeMoO KJIOYOB1 TOUKM IOJIS HAOUHOCTL
i1f results.multi hand landmarks:
for hand landmarks in results.multi hand landmarks:
mp drawing.draw landmarks (
frame filtered,
hand landmarks,
mp hands.HAND CONNECTIONS
)

# TexcT Ha ekpani
cv2.putText (frame filtered, f"Gesture: {gesture name}",
(10, 30),
cv2.FONT HERSHEY SIMPLEX, 1, (0, 255, 0), 2)

cv2.imshow ("Collecting Gestures (Two Hands)",
frame filtered)

key = cv2.waitKey(l) & OXxXFF

if key == 27: # ESC
print ("[INFO] Buxin i3 pexumy 300py IOaHuUx.")
break

elif key == 32: # IIPOBIJ

if results.multi hand landmarks:
# dopMyeMO OIOMH 3amnKuc IJiIS BClx 3HAMIEHUX PYK
hands data = []
for i, hand landmarks in
enumerate (results.multi hand landmarks) :
landmark points = [{"x": 1lm.x, "y": Im.y,
"z": Im.z}
for Im in
hand landmarks.landmark]

hands data.append ({

"hand index": i, # 0 abo 1
"landmarks": landmark points
})
record = {
"label": gesture name,

"hands": hands data,
"timestamp": int (time.time ())



data.append (record)
print (£f" [INFO] B3amnmuc 30epexeHO (KiJbKiCTb PYyK =
{len(hands data)}). Ycweoro: {len(data)}.")
else:
print (" [WARN] Pyku He 3HaAMIOEHO — 3alMC He

momaHo.")

cap.release ()
cv2.destroyAllWindows ()
hands.close ()

# 3. 36epiraemo Bce B JSON
with open (output json, "w", encoding="utf-8") as f:
Json.dump (data, f, ensure ascii=False, indent=2)

print (£f" [INFO] Jani 30epexeHo y {output Jjson}. Yceoro
sanmucie: {len(data)}")

if name == " main ":

gesture name input = input ("BBeniTe Ha3By XecCcTy (HaNpuKJIal,
BOTH HANDS OK): ")

collect two hands gesture data(gesture name input)
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