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Ngady nay, viéc vng dung tri tu¢ nhan tao, cong nghe xu ly anh da
gilip phat trién phwong thirc giao tiép glu"a con nguoi va thiét bi theo
huong truc quan, sinh dong. Nghién cuu nay thuc hién xdy dung mo
hinh diéu khién thiét bi dién bang cir chi tay bdng cach két hop thi vién
OpenCV-Python, mediapipe véi bo mach vi diéu khién Arduino dé diéu
khién cdc thiét bi ngogi vi. Théng qua camera cia mdy tinh, hé thong

ung dung thw vién xw ly hinh anh OpenCV-Python, mediapipe sé€ theo

Tie khoa: Hand Detector,
nhan  dang cw  chi,
OpenCV, Python, xut ly anh

déi cir chi tay ciia nguoi ding. Trong diéu kién dnh sing di tot, hé
thong duwoc thir nghiém va cé thé nhdan dang tot cac ci chi tay trong
khoang cach 100 cm va thuc hién cac lénh dd cai dat dé diéu khién

Arduino bat tdit den, quat, dong mo cira theo muc tiéu dat ra.

1. PAT VAN PE

Nhiéu phuong thirc tuwong tac giita con
nguoi va may tinh da dugc nghién ctru, phat
trién thay cho phuong thirc giao tiép thong
qua giao di¢n dong Iénh hodc giao di¢n dd hoa
(GUI). Mét trong nhitng phuong phap tha vi
la itmg dung cong nghé xu ly anh, thi giac may
tinh dé may tinh nhan dang cir chi co thé cua
con ngudi giup may tinh hiéu dwgc ngdn ngir
co thé cua con ngudi. Tir d6, ngudi ding cé
thé dua ra cac l1énh diéu khién cho may tinh
thong qua ngdn ngit co thé.

Hién nay, viéc diéu khién céc thiét bi dién,
dién tir trong gia dinh bang cac phuong thic
tuong tac tu nhién, cu thé nhu tuong tac bang
ctr chi tay 1a giai phap diéu khién tryc quan va
duoc 4p dung ngdy cang phd bién. Cong nghé
nay mang lai su tién nghi, sang trong cho ngoi
nha va mang dén trai nghi¢m th1 vi, than thién
va tryc quan cho nguoi dung.

Nhitng tng dung vé thi gidc may tinh,
nhan dang ctr chi co thé da duoc gidi thiéu ¢
cac nghién ctru, ng dung cho cac muc dich

khac nhau. Ahmad va cong sy da tng dung
thu vién OpenCV dé nhan dang ban tay va
mot sb cir chi tay [1]. Tuy nhién, nghién ctru
nay dung lai ¢ viéc nhan dang duoc ctr chi tay
ma chua ¢ tmg dung cu thé. Akhilchandran
va cong sy st dung mé hinh mang no-ron tich
chép (Convolutional Neural Network) dé huan
luyén, nhan dang 10 cir chi tay khac nhau va
két hop véi Arduino dé diéu khién cua robot
di t&1, quay trai, quay phai ... [2]. Jedidiah va
cong sy tmg dung thu vién OpenCV dé nhan
dang ban tay nim hodc md trong viéc diéu
khién canh tay robot théng qua bo mach
Raspberry Pi [3]. Trdn va cong su thiét ké
robot bam theo ngudi st dung thuat toan nhan
dién tu thé co thé Human pose estimation dé
ung dung trong nong nghiép [4]. Mot nghién
cuu khac tng dung mo hinh YOLO cua
Ultralytics dé nhan dang ddi tuong, phan doan
déi tugng, theo doi, udc tinh cir dong cua ddi
tuong dé cai thién do chinh xac trong viéc xac
dinh vat can cho drone [5].

Céc nghién ctru két hop giira kién thuc 1y
thuyét, k¥ ning thuc hanh, két hop ndi dung
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cac hoc phan trong chuong trinh giang day
nham thiét ké, ché tao cac san phém phuc vu
cho hoat dong giang day, hoc tap cling dugc
quan tdm thyc hi¢én [6]. Cac cong nghé moi
duoc ung dung da mang lai loi ich rat 16m
cho hoat dong giang day, hoc tap. Muc ti€u
ctia nghién ciru nay 1a tim hiéu, ung dung
cong nghé xtr Iy anh [7] dé nhan dang cir chi
tay nham xay dung mé hinh don gian diéu
khién thiét bi dién bang cir chi tay phuc vu
cho hoat dong giang day, hoc tap. Bai bao
trinh bay cu thé viéc xady dung hé¢ théng, thu
thap dir liéu xir Iy hinh anh dén viéc nhan
dang cu chi ctia cac ngon tay thong qua viée
st dung thu vién OpenCV-Python,
mediapipe, thu vién ma ngudn mé cho xir 1y
hinh anh va thi giac may tinh dé gai 1énh
didu khién dén bo mach vi diéu khién
Arduino thyc hién diéu khién cic thiét bi
ngoai vi nhu dén, quat.

Webcam _ Y Opencv'g
~ O Python -
L Hand Detector

Hand Landmark

2. PHUONG PHAP NGHIEN CUU
2.1. Tong quan mé hinh nghién ciru

~ M6 hinh nghién ctru dugce xay dung bao
gom cac thanh phan chinh:

e May tinh st dung thu vién OpenCV,
sir dung camera dé thu thap hinh anh cho
qua trinh diéu khién va chuong trinh diéu
khién duoc lap trinh bang ngdn ngir lap
trinh Python.

e Dya trén hinh anh thu nhan duoc,
may tinh s& tién hanh xur 1y dé nhan dang
ctr chi tay. Két qua nhan dang ctr chi tay
tir may tinh s& dugc goi &én Arduino dudi
dang cac 1énh diéu khién.

Bo mach vi diéu khién Arduino két néi vai
may tinh qua céng USB thyc hién diéu khién
cac thiét bi ngoai vi nhu nhu dén LED, dong
co Servo SG90, dong co DC L9110 duoc
minh hoa ¢ Hinh 1.

—

Hinh 1. So dd tdng quat cia hé thong

2.2. Phian mém, thw vién cin thiét

Chuong trinh diéu khién céac thiét bi dién
duoc 1ap trinh bang ngén ngir Python trén moi
truong hoc tp va phat trién tich hop (IDLE)
Python 3.10.11 va str dung cac ung dung, thu
vien gdm OpenCV-Python, Mediapipe,
Cvzone, PyFirmata.

Trén may tinh st dung hé diéu hanh
Windows, tir cira Iénh Command Promt,
ngudi dung c6 thé cai dit cac thu vién trén

bang cac 1énh dudi day. Khi thuc hién cai dat
cac thu vién nay, cac thu vién phu thudc cling
s€ duoc tu dong cai dat.

py -m pip install opencv-python
py -m pip install mediapipe

py -m pip install cvzone

py -m pip install pyfirmata

OpenCV (Open-Source Computer Vision
Library) 1a thu vién mé vé thi gidc may tinh
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va may hoc duogc thiét ké dé cung cép, hé tro
rat nhiéu giai thuat cho cac Gmg dung vé nhan
thirc may tinh. OpenCV hd trg nhiéu ngén
ngit 1ap trinh khic nhau bao gdom C++, C,
Python va Java va hd tro trén cac hé diéu hanh
khac nhau [8].

OpenCV-Python la giao dién 1p trinh ng
dung (API) Python danh cho OpenCV, két
hop chat luong t6i wu ciia OpenCV C++ API
va ngdn ngit lap trinh Python, dung dé giai
quyét cac van dé vé thi giac may tinh [8], [9].

Mediapipe 1a thu vién mo vé may hoc
cung cap giai phap cho viéc nhan dang guong
mat va ctr chi cho ngén ngtr 1ap trinh python,
js ciing nhu nhidu ngdn ngit lap trinh khac.
MediaPipe Hand la giai phap gitp theo doi
dau vét cuia ban tay va ngon tay mot cach hiéu
qua bang cach ung dung may hoc dé xé4c dinh
21 diém moc trén tay, bao gom cac khdp ngon
tay va co tay, xac dinh tay trai hodc tay phai
dé nhan dang cac ctr chi tay khac nhau [10].

Cvzone 1a thu vién vé thi giac may tinh
giup don gidn hoa cong viéc xu ly anh va
chirc nang vé tri tué nhan tao. Cvzone st dung
thu vién Open CV va Mediapipe [11].
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PyFirmata 1a thu vién Python dua trén
giao thirc Firmata duoc dung dé giao tiép giira
may tinh va bo mach vi diéu khién Arduino,
cho phép ngudi dung diéu khién cac ngd vao,
ngd ra (IO pins) ciia Arduino tr chuong trinh
trén may tinh [12].

2.3. Thu nhan va xir li anh

Trong nghién ctru nay, hé thdng duogc lap
trinh dé nhan dang trang thai cur chi tay va
thuc hién diéu khién bat tit cac thiét bi dién.
Khi nhan dang nguoi dung thuc hién cac cu
chi tay nhu mo ta & bang 1, may tinh s€ dua ra
cac 1énh diéu khién twong tng va truyén dén
Arduino d¢ thyc hién diéu khién cac thiét bi
dugc két ndi (Hinh 1).

M&i ngén tay c6 thé thuc hién 2 trang thai
cu chi: gap lai (twong rng voi ma nhi phan 0)
ho#ic dudi ra (twong tmg véi ma nhi phan 1).
Véi 5 ngodn tay, ching ta c6 thé to hop thanh
25 =32 trang thai khac nhau. Hé thong s&
nhan dang trang thai cua ting ngoén tay va
biéu dlen trang thai cua ca 5 ngon tay bang
chudi s6 nhj phan goém 5 bit.

Bang 1: Bang quy wdc cir chi tay thong qua ma nhi phan

Thir tw

Nhan

. Ma nhj , < aed <X
cii chi tay Cur chi tay Iénh phén Y nghia di¢u khién
1 Ca ban tay gap lai “OFF” [0,0,0,0,0]  Tat tat ca thict bi
, . A . e e Mo dong co DC L9110
2 Ngon tay thir nhat dudira “Spin [0,1,0,0,0] keém quat chay
Ngon tay thir nhit va thr ~ “Stop Tat dong co DC L9110
3 S X- < [0,1,1,0,0] N
hai duoi ra Spin kem quat chay
Ngon tay thir nhét, tha “« ” o 2
4 hai va thit ba dudi ra LED [0,1,1,1,0] Mod den LED
Ngon tay thir nhat, tht
5 haiN, th ba va thu tu “Open” [0,1,1,1,1] Mo cira
dudi ra
6 Cé nim ngén tay dudira “Close”  [L1,1,1,1] DPongcuavatitden

LED
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bé thuc hién viéc nhén dang cu chi tay thu
dugc tor webcam va gui tin hi¢u diéu khién
dén Arduino, hé thong s& tién hanh ghi nhan
hinh anh tir webcam cta may tinh va tién
hanh phan tich theo cac budc nhu sau:

Budc 1: Thu video truc tiép tir webcam.

video=cv2.VideoCapture(0)

Budc 2: Lay cac khung anh tir video dau
vao dé tién hanh x1r Iy & budc ti€p theo.

frame=video.read()

Budc 3: Thu vién HandDetector s€ tao ra
mot ddi tuong dé phat hién ban tay, ddi tuong
nay s€ st dung cac thuat toan dé nhan dang va
theo doi ban tay thong qua hinh anh thu nhan
dugc & Bude 1 va Bude 2. Hé théng dugc cai
dat cac thong s6 dé thuc hién nhan dang céc
cu chi tay cua 1 ban tay va céc cu chi tay
dugc nhan dang voi do chinh xac tor 80% tré
1én trong tirng khung anh mdéi duge coi 1a hop
1& va dua ra 1énh dé diéu khién thiét bj.

detector=HandDetector(detectionCon=0.
8, maxHands=1)

Budc 4: Tao khung hinh dé theo ddi va
khoanh vung ban tay, xtr 1y cac hinh anh thu
duoc tir video. Trong mdi khung hinh, néu
phat hién ban tay thi hé¢ thong s& danh dau cac
diém Hand Landmark dé nhan dang ctr chi.

frame=cv2.flip(frame, 1)

hands,img=detector.findHands(frame)

Budc 5: Tao nét vé lién két cac diém Hand
Landmark dugc nhan dang va thé hién 1én
khung hinh kém véi ciu 1énh diéu khién thiét
bi twong Uing.

cv2.putText(frame,'OFF:0',(20,460),cv2.F
ONT _HERSHEY COMPLEX,1,(255,255,255)
,1,cv2. LINE AA)

Budc 6: Xuit ra cac thong sé nhan dang
cur chi tay ¢ Budc 5 nhu da cai dit ¢ Bang 1
dé thuc hién cac 1énh diéu khién thiét bi. Cac
ma nhi phan [0,0,0,0,0] dai dién cho 5 ngén
tay dang gap va [1,1,1,1,1] dai di¢n cho 5
ngoén tay dang dudi.

Pé danh gia viéc tng dung két qua nhan
dang ctr chi tay tur thu vién OpenCV-Python,
Kkét qua nhan dang dugc st dung dé diéu khién
cac thiét bj ngoai vi thong qua bo mach
Arduino. Thiét ké phan ctmg cta hé théng
diéu khién thiét bi dién bang cir chi tay duoc
mo ta & Hinh 2. Phan clng cta hé thong gom
webcam ctia may tinh dé thu nhan hinh anh
dau vao. Sau d6, hinh anh dau vao dugc tich
thanh cac khung anh dé nhan dang cir chi tay
va g cac 1énh diéu khién dén Arduino. Dya
trén cac lénh diéu khién nhan duoc tur may
tinh, Arduino s& diéu khién thiét bi theo ctr chi
tay tuong ung da duoc 1ap trinh.

Servo

S
|

L9110

Hinh 2. So d0 két ndi phéan ciing ciia hé thong
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2.4. Thiét ké mé hinh phin cirng

Hinh 3. M hinh thuc té
cia hé thong diéu khién

Mo hinh thuc té cua hé thdng diéu khién
dugc xdy dung nhu ¢ Hinh 3. Tin hiéu truyén
tir may tinh dén Arduino dugc gui di thong
qua két ndi USB. Ngudn dién sir dung cho cac
thiét bi ngoai vi trong mé hinh nay duoc cung
cap tir cong USB.

Sau khi dd cai dit cac thu vién can thiét
trén may tinh, dé thuc hién diéu khién
Arduino tir may tinh v&i ngon ngtr Python va
pyFirmata, chung ta thuc hién cac budc cai
dat, két ndi nhu sau:

- Két nbi Arduino véi may tinh qua
cong USB, nap chuong trinh
StandardFirmata cho Arduino bang trinh phat
trién Arduino IDE.

- Ltc nay, pyFirmata s€ khoi tao giao
tiép nbi tiép (Serial communication) giira
may tinh va Arduino dé truyén céac 1énh diéu
khién tr mdy tinh dén Arduino théng qua
cong USB.

- Viét chuong trinh diéu khién Arduino
bang ngdn ngit Python v4i pyFirmata.

3.KET QUA NGHIEN CUU/ THAO LUAN

Hé thong diéu khién thiét bi dién thong
qua cur chi tay bang cach ung dung cong
nghé xu ly anh voi OpenCV-Python duoc
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x4y dung nhu minh hoa ¢ Hinh 3. Hé thong
thiét ké da duoc thir nghiém dé danh gia do
chinh xac trong viéc nhan dang cur chi tay
bang may tinh va truyén 1énh diéu khién dén
Arduino dé thyc hién diéu khién thiét bi
dién trong nhiéu truong hop khac nhau.

M5 hinh st dung ngudn dién duoc cung
cip truc tiép tir may tinh va dir lidu duoc
truyén tir may tinh dén Arduino théng qua
day cap USB dé diéu khién dé bat, tit thiét
bi dién véi tin higu diéu khién 1a cc ctr chi
tay da dugc cai dat. Qua qua trinh thuo
nghiém va danh gia nhiéu lan, trong diéu
ki¢n anh sang binh thudong véi khoang cach
tlr ban tay dén camera cua may tinh khoang
100 cm. M6 hinh duoc thiét 1ap c¢6 kha ning
nhan dang tdt céc trang thai cu chi khac
nhau cua cdc ngon tay ndi chung va 6 cu chi
tay duoc xac dinh & bang 1 ndi riéng dé dua
ra cac 1énh diéu khién dén Arduino dé diéu
khién céc thiét bi dién dung theo yéu cau
thiét ké (Bang 2).

Bang 2: Thir nghiém va két qua
nhan dang cir chi tay

S6 in Soldn Ty 1§
Cir chi tay thi thir nhan nhan
nghiém nghi¢m dang dang

ding dung (%)

Cébantay gaplai 50 50 100
Ngon tay thit nhat 50 50 100
duoi ra

Ngon tay thit nhat 50 50 100
va thir hai duodi ra

Ngon tay thir nhdt, 50 48 96
thit hai va thir ba

duoi ra

Ngon tay thi nhit, 50 47 94

thir hai, thir ba va
thtr tu duoi ra

Ca nam ngén tay 50 47 94
duoi ra
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Qua thir nghi¢m, khi thyc hién cac cur chi
voi ca truong hop long ban tay hoac lung ban
tay hudng truc dién vao webcam thi hé thong
nhan dang ding cac cu chi tay. Khi ban tay
dugc dua theo hudng nghiéng so véi goc nhin
ciia webcam thi hé théng co thé c6 két qua
nhéan dang sai. Thoi gian thyc hién nhan dang
cu chi tay dugc thyc hi¢n nhanh chong voi
may tinh c6 cau hinh phd bién hién nay.

Hinh 4 minh hoa ctr chi ca 5 ngon tay gap
lai. H¢ théng nhan dang chinh xac trang thai
nay va dua ra 1énh diéu khién “OFF” tuong
tng v6i md nhi phan [0,0,0,0,0] gui dén
Arduino dé tat tat ca thiét bi.

Hinh 5 minh hoa ctr chi ngén tay thu
hai dudi ra twong ung vé6i 1énh diéu khién
“Spin” dugc gii dén Arduino mé dong co DC
va 2 ngoén tay thir hai va thi ba cung dudi ra
tuong tmg véi 1énh didu khién “Stop Spin”
duoc giri dén Arduino dé tit dong co DC.

|'Stop Spin:2

Hinh 4. Nhin dang cir chi ca ban tay
gap lai twong wng véi lénh “off”

Hinh 5. Nhin dang ci chi tay thir hai twong trng véi 1énh “Spin”
va ctr chi tay thir ba twong &ng véi 1énh “Stop Spin”

Hinh 6 minh hoa hé théng thuc hién bat dén
LED khi nhan dang dugc ct chi tay tuong
tmg v6i 1énh diéu khién bat dén led va gia tri
tra vé [0,1,1,1,0] nhu xac dinh & bang 1. Céc

thiét bi c6 thé hoat dong doc 1ap voi nhau ma
khong bi anh hudng bdi cac cir chi khac nhau
gitip t6i wu phan diéu khién ma khong gay bat
tién gi.
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Hinh 6. Nhan dang ci chi tay thit tw twong @ng véi Iénh “LED”

Hinh 7 (hinh bén trai) minh hoa hé thong
thuc hién md ctra thong qua dong co Servo
SGI0 khi nhan dang cur chi tay tuong tng voi
1énh diéu khién “Open” véi tin hiéu nhi phan la

[0,1,1,1,1] twong Ung véi 4 ngdn tay dang dudi.
Khi nhan dang 5 ngén tay cung dudi twong tmg
tin hiéu diéu khién [1,1, 1,1,1] thi hé thdng tién
hanh tit tat ca thiét bi (hinh bén phai).

Close:5

Hinh 7. Nhan dang cit chi tay thir nam twong &ng véi Iénh “Open”
va cir chi tay thir sau twong &ng v4i I€énh “Close”

Viéc ung dung thi gidc may tinh, thu vién
OpenCV di duoc thuc hién trong nhiéu
nghién ctru voi cac myc dich, ing dung khac
nhau dé diéu khién robot chuyen hudng, diéu
khién canh tay robot cAm nim dd vat ...
Nghién ctru nay ché tao mé hinh don gian c6
thé nhan dang duogc trang thai gap hoic dudi
cua 5 ngdn tay tuong ung véi 32 cu chi tay

khac nhau va dugc Gng dung dé diéu khién
cac thiét bi dién phuc vu viéc giang day, hoc
tap, gioi thicu dén sinh vién viéc tng dung
klen thirc, cong ngh¢ moi vao thuc té cudc
song. Qua thtr nghiém thyuc té, mo hinh c6 thé
nhan dang chinh xac céc ctr chi tay khac nhau
cua nguoi dung va 6 cur chi tay dugc trinh bay
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& bang 1 dé diéu khién cac thiét bi dién theo
thiét ké.

a)

3.2. Anh hwéng ciia diéu Kién anh sang
dén nhan dang cir chi tay

b)

Hinh 8. Diéu kién 4nh sang khic nhau va khoang cich khac nhau
¢6 anh hwéng dén d§ chinh xac ciia viéc nhan dang cir chi tay

Diéu kién anh sing c6 anh huong dén
vi¢gc nhan dang cu chi tay trong OpenCV-
Python. Anh sang khong du sang hodc qua
sang c6 thé 1am giam do chinh xac cua viéc
phat hién va nhan dang cir chi tay, dan dén
viéc diéu khién thiét bi khong chinh xéac. Déi
v6i hé thong thiét ké, trong diéu kién anh
sang kém, h¢ théng 6 thé nhan dang cu chi
tay va thuc hién diéu khién thiét bi chinh xéac
trong khoang cach tiéu chuan 1a 50 cm,
khung anh va cac duong lién két giita cac
diém van theo doi t6t cir chi tay cua nguoi
diéu khién. Trong diéu kién anh sang nhu
Hinh 8a thi hé théng chi nhin dang khung
xuong Hand Landmark trong khoang céach t6i
da khoang 120 cm. Trong diéu kién anh sang
tot nhu & Hinh 8b thi hé théng nhan dang cac
cu chi tay trong khoang cach 300 cm voi
khoang 50% s6 1an thir nghiém hé thdng thuc
hién dung va khong phan biét dugc ctr chi
phuc tap va nho.

4. KET LUAN

Nghién ctru nay da ung dung thu vién xu
Iy 4nh OpenCV-Python, Cvzone, Mediapipe
dé nhan dang cur chi tay, tir d6 xay dung mo
hinh sir dung may tinh két hop v&i Arduino dé
diéu khién cac thiét bi dién théng qua ctr chi

ctia ban tay. M6 hinh dugc xdy dung gém hé
théng cua, dén led va dong co quat hoat dong
t6t theo timg ctr chi tay ma hé thong da lap
trinh. M6 hinh nay c6 thé duoc st dung trong
viéc giang day cho sinh vién cic ndi dung vé
k¥ thuat 1ap trinh, vi diéu khién, thi giac may
tinh, tri tu¢ nhan tao. Bén canh d6, ndi dung
nghién ctru nay c6 thé tmg dung cho mé hinh
nha théng minh st dung cong ngh¢ xur ly anh
dé diéu khién cac thiét bi dién co cong suit
16n hon trong gia dinh nhim tGng dung cong
ngh¢, mang lai sy tién nghi trong thyuc té cudc
song hodc co thé tng dung trong nhiéu linh
vuc khac nhau.

Dé phat trién hé thong, nang cao tinh tién
loi, giam chi phi thiét bi, c6 thé nghién ciru st
dung bo mach Raspberry Pi ¢6 kich thudc nhd
gon dé thuc hién viéc nhan dang hinh anh, cu
chi tay dé dua ra 1énh diéu khién. Ngoai ra,
viée két ndi didu khién thiét bi ngoai vi ciing
¢ thé duoc thuc hién truc tiép trén bo mach
Raspberry Pi. Luc nay, Raspberry Pi ¢ thé
duoc dung 1a may tinh va vi diéu khién dé két
ndi truc tiép véi céac thiét bi ngoai vi ma
khong can thém bo mach Arduino.

H¢ théng van con han ché khi hoat dong
trong di€u kién thi€u anh sang, c6 thé dan dén
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viéc hé théng nhan dang khong chinh xac.
Chét luong cta camera ciing 1a vin dé can
quan tAm trong cac ung dung vé thi giac may
tinh. St dung camera cé chét lugng tét, do
phan giai cao thi hé théng s& nhan dang t6t
hon, tr d6 khoiang cich nhan dang cé thé
dugc tang 1én va nhan dang chinh xac cac
hanh dong, cu chi.
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BUILDING A MODEL TO CONTROL ELECTRIC DEVICES BY HAND GESTURES USING
OPENCV-PYTHON LIBRARY

ABSTRACT

Nowadays, the application of artificial intelligence and image processing technology has helped
develop the method of communication between humans and devices in an intuitive and vivid way. This
study aims to develop a model for controlling electrical devices through hand gestures by combining the
OpenCV-Python library, mediapipe with the Arduino microcontroller board to control peripheral
devices. Through the computer's camera, the system employs the image processing library OpenCV-
Python, mediapipe to track the user's hand gestures. Under adequate lighting conditions, the system was
tested and was able to recognize hand gestures well within a distance of 100 cm and execute the
commands to control the Arduino to turn on and off lights, fans, and doors.
Keywords: Hand Detector, Hand Gesture Recognition, Image processing, OpenCV, Python

TAP CHi KHOA HOC VA CONG NGHE CAN THO - SO 08 THANG 11/2025 11



