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TOM TAT
Nghién cttu nay trinh bay vé viéc stt dung ct chi tay dé diéu khién con trdé chudt,
thay thé cac phuong phép truyén thong nhu chudt mdy tinh, touchpad va man hinh
cam tng. Nhém tac gia stv dung thu vién MediaPipe d€ nhan dién va theo doi ¢t chi
tay thong qua webcam két hop véi thu vién PyAutoGUI trong Python d€ diéu khién
con tro chudt. Ngoai ra, trg ly giong néi duoc stt dung dé twong tac voi chwong trinh
nhén dién ¢ chi va thuc hién diéu khién mdy tinh. Két qua cho thay do chinh xéc
cua hé thong dat trén 95% trong diéu kién anh sang tot, nén don gian va khoang
cach gan, va c6 d¢ chinh xac cao hon so véi cac phuong phap truyén thong. Tém lai,
hé théng chudt 4o nay mang lai tién ich va cai thién trai nghiém twong tac véi may
tinh.

Tt khoa: virtual mouse, hand recognition, hand detection, mediapipe.

1. MO PAU

Cac phuong phap diéu khién con tré chudt hién nay bao gom chudt may tinh
truyén thdng, ban di chuot (touchpad) va man hinh cam tng. Mdi phwong phép nay déu
c6 nhuoc diém riéng nhu han ché vé khong gian, do chinh xac, tinh di dong va tuong
tac khong nhu y mudn ctia nguoi dung. Viéc siv dung ct chi tay d€ diéu khién con trd
chudt gitp trién khai ting dung nhanh chéng, dé dang hon va ciing khac phuc nhugc
diém cua cac phwong phap dang duoc st dung hién nay.

Bén canh d¢, tri tué¢ nhan tao (Artificial Intelligence — AI) va thi gidc may tinh
(Computer Vision — CV) dang phat trién manh mé, dac biét trong linh viec nhéan dién
khuon mét, doi tuwong, chit viét tay va ctr chi tay. Cong nghé nay cai thién tuong tac gitra

nguoi va may (Human-Computer Interaction — HCI), ddc biét la diéu khién chudt ao. Co
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nhiéu phuong phap nhan dién ct chi tay, tir cam bién chuyén dong dén xt ly hinh anh.
Tuy nhién, ching thuwong gap cac van dé nhuw t6c d6 xtit ly cham va do chinh xac thap.
MediaPipe la thu vién ma ngu6én mo cho thi gidc may tinh ctia Google, chu yéu vé nhan
dién ct chi tay. Thu vién nay st dung mo hinh hoc sau dé€ theo doi bd phén tay trong
khong gian 3D, don gian hoéa viéc phat trién ting dung, thuat toan va mo hinh.

Str dung ctr chi tay dé€ diéu khién con tro chudt mang lai nhiéu 1oi ich nhw tinh di
dong, tiét kiém thoi gian, ho tro nguodi khuyét tat va cai thién trai nghiém nguoi dung.
Nghién cttu nay sit dung webcam va giao dién lap trinh tng dung (Application
Programming Interface - API) cia MediaPipe d€ nhéan dién va theo ddi tay, loai bo sy
can thiét phai st dung cac thiét bi phu trg. D€ diéu khién con tro chudt, nhoém tac gia sw
dung thu vién PyAutoGUI trong Python. PyAutoGUI cung cap cac ham dé€ diéu khién
chudt, ban phim va ghi lai thao tac chugt cling nhw ban phim. Ngoai ra, nghién cttu nay
con st dung tro ly giong noi d€ twong tac voi chwong trinh nhan dién ¢t chi va thuc
hién diéu khién may tinh.

2. PHUONG PHAP NGHIEN CcUU

Qud trinh hoat dong ctia hé thdng diéu khién con trd chudt bang ct chi ban tay
dua trén Al dwgc chia thanh ba giai doan, duoc thé hién trong Hinh 1. Giai doan dau
tién, hé thong phat hién va theo ddi cac diém dac trung (Landmark), sau d6 xac dinh vi
tri va toa do cua cac diém ddc trung va theo doi chuyén dong theo thoi gian. Giai doan
tiép theo, hé thong nhan dién, chuyén doi cac ddc diém diém dac trung thanh cac ctr chi
tay co thé nhan dién dugc dudi dang cac sd nhi phan. Giai doan cudi cung, hé thong tuy
chinh va thuc hién cdc chttc nang dua trén cac ctt chi tay da nhan dién.

Camera Phat hién hand Nhén dién cix Thuc hién cac chirc
(Input) landmarks d chi nang cua con tro chudt

Hinh 1. So d6 khéi qua trinh hoat dong ctia hé thong.
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Hinh 2. Qua trinh nhan dién va diéu khién ct chi tay.

Qua trinh nhén dién va diéu khién ctr chi tay (Hinh 2) bao gom: thu thap di liéu
vé tay, phat hién long ban tay va xac dinh diém dac trung. Dya trén vi tri cua cac diém
dac trung, hé thong nhan dién ct chi tay va thuc hién cac thao tac chudt twong ting. Sau
dé, qud trinh két thtic va hé théng sdn sang cho yéu cau tiép theo.

2.1. Thu vién MediaPipe Hands

Thu vién MediaPipe Hands cung cap theo doi ban tay thoi gian thuc chi véi mot
webcam thong thwong. Quy trinh nay stt dung hoc may dé suy luan 21 diém dac trung
3D ttr mét hinh anh duy nhéat. Quy trinh bao géom hai budc chinh: mé hinh phat hién
long ban tay va mo hinh diém ddc trung tay cé kha nang theo ddi nhiéu ban tay cung
Iac [1].

2.1.1. M6 hinh phat hién ban tay

Phat hién ban tay la nhiém vu phtc tap, ddc biét khi xem xét nhiéu kich c& tay
va kha nang che khuat. M6 hinh phat hién long ban tay wdc tinh hop gidi han xung
quanh cac ddi twong cting nhur 1ong ban tay va nam. Quy trinh nay 4p dung tinh ning
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ma hoa giai ma va giam mat mat tap trung dé€ cai thién nhan biét b6i canh quang canh
16n. Module nhan dién ddi tuong lay mau dic trung cho moi hop va st dung bo phan
loai chéat lwong cao. Cé nhiéu thuat toan nhan dién ddi twong nhu Faster RCNN, SSD va
YOLO, mbi thuat toan danh d6i gifta toc d6 va do chinh xac tuy theo yéu cau [2].

2.1.2. B¢ phat hién chup mot lan

Quy trinh cho bd phat hién chup mét Ian (Single Shot Detector — SSD) bao gom
tao ra cac thong tin co ban (Ground Truth — GT) la cac hop gidi han xung quanh doi
twong trong hinh anh. Hinh anh duoc chia thanh cac ban d6 ddc trung véi cac kich thudc
khac nhau. Cac hop mdc dinh (default boxes) dwoc danh gia tai mdi 6 vudng trén ban
d6 dac trung. Cac hop mdc dinh chtra théng tin vé vi tri (center_x, center_y, width,
height) va do tin cay cho tiing loai d6i twong. Muc tiéu la dy doan cac gia tri thay doi
hinh dang (shape offsets) va d¢ tin cay cho mdi hop mdc dinh, sao cho chung khép voi
cac hop GT trong qua trinh hudn luyén.

Cac hop khop véi hop mac dinh dweoc xem 1a tich cyee (positive), con lai 1a tiéu
cue (negative). Mo hinh SSD tinh mat mat dua trén tong co trong sd gitta mat mat vé vi
tri (localization loss — Smooth L1) va mat mat vé do tin cay (vi du: softmax). Hinh 3 minh
hoa vi du vé qua trinh nay trén mot hinh anh véi meo va chd, st dung cac ban do dic
trung kich thude 8x8 va 4x4, cung véi cac hop méc dinh va hdp thuc t€. Trong dé, loc la
vi tri ciia hop gidi han, conf la d6 tin cy ctia tat ca cac loai ddi twong.
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(a) Hinh dnh v6i cic hop GT (b) Ban do ddc trung 8x8 (c) Ban d6 dic trung 4x4

Hinh 3. Single Shot Detector framework [2].
2.1.2.1. Mang kim tu thap ddc trung

Mang kim ty thap ddc trung (Feature Pyramid Network — FPN) dwoc st dung
nhu mot "c8" (neck) ndi vao "xwong song" (backbone) ctia SSD dé tinh toén bidu dién da
dac trung ctia hinh anh. Cau trac kim ty thap dac trung xay dung trén co so kim ty thap
hinh anh va la khong gian ti 1§, gitip bét kich thudc da dang ctia cac ddi tuong. So véi
cac kién trac khac, FPN két hop cac dic trung tie 40 phan giai cao nhat dén thap nhat,
lam cho né chinh xac hon va c6 nhiéu thong tin hon.
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Hinh 4. Feature Pyramid Network (FPN) [3].
2.1.2.2. Giam thiéu mat tiéu diém

Ham mat mat Focal (Focal Loss) giai quyét van dé khi mo hinh phat hién d6i
tong bi mat can bang gitta viéc nhin nhan nhitng vat thé chinh (foreground) va nén.
V6i cross-entropy loss, ngay ca cac vat thé dé nhin nhan ciing gy mat mét 16n hon mtic
du kién. Va khi tong cac mat mat nho nay trén mot s6 lugng 16n cac vat thé dé, thi tong
mat mat nay co thé ap dao 1én cac vat thé khé hon. Cross-entropy loss bi chi phdi boi sy
mat can bang 16n vé 16p khi gip cac mo hinh ddi teong day dic. Phian 16n mat mat tao
nén tir cac vat thé dé nhan dién, 1am ap dao lén do doc. "Balanced cross-entropy" giai
quyét van dé mat can bang 16p bang cach stt dung hé s8 trong sS alpha. Tuy nhién, n6
khong phan biét gitra cac vat thé dé va kho.

CE(p,) = —alog(p.) (D
Mat tiéu diém (Focal Loss) thay d6i hinh dang cia ham mat mat d€ giam trong
s6 ctia cac vi du dé dang va tap trung vao viéc huan luyén cac vi du am kho khan. Cong
thirc cho Focal Loss (FL) dugc cho trong (2), trong d6 y la tham s6 lam min [4].

FL(pr) = —(1 = p)” log(p) (2)
Cong thiec (2) giai quyét van dé mat can bang gifta cac mat tich cuc va tiéu cuc
trong mat mat entropy chéo. Cac vi du dé c6 xac suat cao (p;tién gan dén 1) va duoc
giam trong s6 dé€ khong anh hudong qua manh dén mat mat. Tham s6 tap trung y dwoc
stt dung dé€ diéu chinh mwot ma tdc d6 giam trong s d6i voi cac vi du deé. Trong thuec
t€, bién thé alpha 6 cong thitc (3) cua Focal Loss duoc wa chudng d€ dat do chinh xac tot
hon.

FL(py) = —a(1 —p,)” log(p:) 3)
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2.1.3. M6 hinh diém déc trung tay

M6 hinh diém dac trung tay (Hand Landmark Model) sit dung phuwong phap hoi
quy dé€ xac dinh vi tri chinh x&c ctia 21 toa d¢ diém dac trung 2.5D trong long ban tay.
Ngay ca khi tay bi che khuat hodc chi mot phan hién thi, mo hinh tao bidu dién lién tuc
vé dang tay trong khong gian 2.5D. Dau ra cia mo6 hinh bao gom cac toa d6 3D cua 21
diém d4c trung, xac suat hién dién cta tay va thong tin vé tay trai/phai. Mot kién truc
dua trén khoi dong da ché do xem (Multiview Bootstrapping) dwoc ap dung dé cai thién
hiéu sudt phat hién diém dac trung, bao gom ca viéc udc tinh diém dac trung khi tay bi
che khudt. Dong thoi, mét md hinh dwoc tao ra dé€ diéu chinh cédn chinh tay mét cach
chinh xac dua trén thong tin anh dau vao.

Hinh 5. Vi du vé udc tinh tu th& ban tay bang MediaPipe [5].

Anh thuee
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Anh téng hop 9
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w
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Tay thuin

Hinh 6. Kién tric mo hinh diém déac trung cho MediaPipe [5].
2.1.3.1. Khoi déng da ché d xem (Multiview Bootstrapping)

Ky thuat Multiview Bootstrapping gitip tao ra mot bo phat hién tay hiéu qua cé
kha ndng xac dinh vi tri cac di€ém chinh trong cac gdc nhin tot va loai bo cac phat hién
sai. Diéu nay dac biét httu ich khi ban tay bi che khuét trong mot biec anh. Bo phat hién
nay dugc hudn luyén trén mot tap dit liéu nho va cé kha nang tong quat hoa vuot ra
ngoai cac tinh hudng chup cu thé.
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2.1.3.2. Khdi phuc 16i theo dai (Recover Tracking Failure)

MediaPipe dung bd phat hién tay nhe dé tao hop gidi han va diém dac trung cho
ban tay, c0 tay, ngon tay. Diém déic trung giup xoay hop gidi han cta ban tay, dam bao
trung tdm cd tay can chinh véi truc ngang. Anh goc sau d6 duogc cét va diéu chinh kich
thudc dé€ lam dau vao cho mang du doan lwdi khuoén mdt. M6 hinh du doan vector toa
dd diém déc trung 3D va xac suat c6 ban tay trong phan cat.

2.2. Nhan dién ctr chi

Giai doan nay xac dinh va chuyén doi cac diém dac trung tir MediaPipe thanh
cac ctr chi tay c6 thé nhan biét. Cac khoang cach va su khac biét gitra cac diém dac trung
duoc tinh toan dé€ xac dinh va anh xa thanh cac ctr chi tay tuong ting. Céc ctt chi dwoc
biéu dién dwdi dang s& nhi phan va duwoc quy dinh bang 16p IntEnum, véi cac gia tri

teong tng cho moi ctx chi.

Bdng 1. Anh xa gia tri nhi phan cho céc ct chi bang 16p IntEnum.

FIST PINKY RING MID LAST3 INDEX FIRST2 LAST4 THUMB

0 1 2 4 7 8 12 15 16

PALM  V_GEST TWO_FINGER_CLOSED PINCH_MAJOR PINCH_MINOR

31 33 34 35 36

Giai doan nay ma hoéa thong tin vé su thuan tay (handedness) khi stt dung nhiéu
tay va cung cdp cac phuwong thirc d€ cap nhat dit liéu diém ddc trung, tinh toan khoang
cach gitta cac diém danh ddu va xac dinh ct chi twong tng.

2.3. Thyc hién cac chitc nang caa con tré chu6t

L6p nay dong vai tro quan trong trong viéc thuee thi cac 1énh tuwong ting voi ctr
chi tay da duocnhan dién. N6 cho phép twong tac véi man hinh, di chuyén con tré chudt,
nhap chugt, kéo tha va cudn trang dwa trén thong tin vi tri va cac ct chi da duoc phan
tich. Lop nay luu tri thong tin vé vi tri chudt trede do, cac co xac dinh viéc nhan dién
ct chi, ciing nhu khoang cach va huéng di chuyén ctia ctt chi PINCH, quan trong dé xt
ly chinh xac cac hanh dong diéu khién hé thong.

2.4. Trg ly giong néi

Ung dung két hop giong ndi va ctr chi tay dé tuong tac véi may tinh, sit dung
thw vién nhu pyttsx3 va speech_recognition. C6 thé chao hoi nguwoi dung, cung cap thong
tin, tim kiém trén web va ban d6, sao chép, dan van ban va diéu hudng tép tin. St dung
module nhan dién ct chi tay d€ m¢é ing dung va diing nhan dién ct chi.
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3. KET QUA VA THAO LUAN
3.1. Nhan dién ct chi

Duéi day 1a mot s6 cie chi va mo ta ctia ching, cung cdp kha nang dung, di
chuyén con tro chudt, nhap chudt trai/phai, nhap dap chudt, cudén va kéo va tha.

(d) Nhdp chudt phdi (e) Nhdp diip chugt (f) Cuon (g) Kéo va tha (FIST)
(INDEX) TWO_FINGER_CLOSED (PINCH_MINOR)

Hinh 7 minh hoa c4c ct chi twong ting bang hinh anh:
e Cu chi trung lap (PALM): duoc st dung d€ dimng ct chi hién tai.

¢ Dichuyén con tro chudt (V_GEST): Con tré duoc gan cho diém gitra cia ngén
tro va ngon gitta. Ctt chi nay di chuyén con tré dén vi tri mong mudn. Toc do
di chuyén cua con tro ty 1é thuan véi téc do di chuyén cua tay.

¢ Nhép chuot trai (MID).

e Nhdp chudt phai (INDEX).

¢ Nhéap dup chudt (TWO_FINGER_CLOSED).

¢ Cudn (PINCH_MINOR): Ctr chi déng d€ cuén ngang va doc. Tdc dd cudn ty

1é thuan véi khoang céch di chuyén bang ctt chi pinch tir diém bat dau. Cudn
doc va ngang duoc diéu khién bang cac chuyén dong ctia ctt chi pinch theo
hudng doc va ngang teeong ting.

e Kéo va tha (FIST): c6 thé dugc st dung dé€ di chuyén tap tin ttr thu muc nay
sang thw muc khac hodc chon nhiéu muc cung lic.
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(a) Cir chi trung lgp (PALM)  (b) Di chuyén con tro chudt (V_GEST) (c) Nhap chugt trdi (MID)

(d) Nhdp chudt phdi (e) Nhadp ditp chudt (f) Cudn (g) Kéo va thd (FIST)
(INDEX) TWO_FINGER_CLOSED (PINCH_MINOR)

Hinh 7. Hinh anh minh hoa cac ctr chi va md ta di kem.
3.2. Trg ly giong néi

Duéi day la mét s6 1énh va chirc nang ma ta c6 thé st dung voi trg ly giong noi.
Hinh 8 mo6 ta 2 trong s6 nhitng chirc nang nay:

e HUSC Launch Gesture Recognition: Bat webcam dé nhéan dién ct chi tay.
e HUSC Stop Gesture Recognition: Tat webcam va dirng nhan dién ctr chi.

e HUSC Search <ndi dung mudn tim kiém> : Mo mét tab mdi trén trinh duyét
mdc dinh néu n6 dang chay, néu khong n6 sé mé mot cira s6 méi. Tim kiém
van ban da cho trén trinh duyét.

e HUSC Find Location: Ung dung sé héi nguoi diing vi tri ¢an tim. Sau d6 nhap
dia diém mudn tim kiém, ing dung sé tim thdy vi tri can thiét trén Google
Maps trong tab mdi.

e Diéu hudng file:

o HUSC list files/HUSC list: Liét ké cac tép va so thi tu twong tng trong
the muc hién tai (theo mac dinh la D:\).

o HUSC open <s6 thit tu file>: M& tép/thu muc twong tng véi s6 thi tu.
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o HUSC go back/HUSC back: Thay déi thu muc hién tai thanh thue muc me
va liét ké cac file.
e HUSC date/HUSC time: tra vé ngay/gio hién tai.
e HUSC bye: Tam dirng thuec thi 1énh thoai cho dén khi trg ly dwoc danh thic.
e HUSC wake up: Ti€p tuc thuyec thi 1énh thoai.

e HUSC exit: Chdm dit chudi tro ly giong néi. Ctra s6 GUI can déng thu cong.

@ Husc = =] X @ Husc = [m} X

HUSC launch gesture
recognition HUSC date

HUSC stop gesture recognition

HUSC time
Type Here > [Type Here »
(a) Chay va dirng chwong trinh (b) Tra vé ngay/gio hién tai

Hinh 8. Hinh anh minh hoa hai chitc ndng cta trg ly giong noi.

Bang 2 cho thdy d¢ chinh xac cua diém ddc trung dwdi cac diéu kién khac nhau.
M6 hinh dat d¢ chinh xac trén 95% trong diéu kién anh sang tot, nén don gian va khoang
cach gan. Tuy nhién, d6 chinh xac giam trong diéu kién anh sang yéu, nén phtc tap va
khoang cach tay xa. D€ dat d¢ chinh xac t6t, can tao mdi truong thuén lgi véi anh sang
du manh, nén don gian va khoang cach tay hop ly.

Bang 2. D chinh xac cua cac diém ddc trung trong cac diéu kién khac nhau.

Diéu kién Do chinh xéc (%)
Anh sang t6t 98
Anh sang thap 92
Nén don gian 98
Nén phtc tap 92
Khoang cach gan 99
Khoang cach xa 95
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Bang 3 so sanh d6 chinh xac cia mo hinh st dung MediaPipe véi cac phuong
phap truyén thong. Két qua cho thady mo hinh nay c6 do chinh xac cao hon, nho viéc st
dung diém dic trung va mang no-ron trong MediaPipe dé€ hoc cac dac trung phtrc tap
ctia tay. Tuy nhién, d6 chinh xac va t6c do xt Iy van phu thudc vao moi trudng va yéu
t6 khac nhau nhw anh sang, nén va kich thudc hinh anh. D€ tang hiéu suat, can tao moi
treong thuan 1oi va ap dung cac ky thuat t6i wu héa nhu giam d¢ phan giai hinh anh
hodc cai thién phan ciing va thuat toan.

Bdng 3. So sanh voi cac hé thong hién co.

Cac phuwong phap da thuc hién DG chinh xac (%)
Pau ngon tay c6 gan mau [6] 78
Phat hién long ban tay va trich xudt tam [7] 93
Nhén dién mau da, phat hién dwong bién, tao 16i convex [8] 90
Nhan dién va theo doi tay MediaPipe 96

4. KET LUAN

Hé thdng nham thay thé& chudt may tinh bang ctr chi tay, st dung webcam d&
nhén dién ct chi va thyc hién chitc ndng twong tu nhu chudt. B chinh x4c cua hé thong
vuot troi, dat ty 1€ chinh xac 1én dén 96%, md ra nhiéu tng dung tiém nang. Mac du tdc
dd xtr ly con cham va con han ché, nhém tac gia dé xuat cai thién thuat toan dé giai quyét
van dé nay va mo rong tinh nang ting dung. Tém lai, chudt do tdi wu hoa trai nghiém
twong tac véi may tinh, mang lai tién ich va sy thoai mai cho nguoi dung.

LOI CAM ON

Nghién cttu nay dugc thuc hién trong khuon kho dé tai nghién ctru khoa hoc
sinh vién cap co s PHKH2023B-03.
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ABSTRACT

This study investigates the use of hand gestures to control the mouse cursor,
replacing traditional methods such as computer mice, touchpads, and touchscreen
displays. The authors utilized the MediaPipe library to detect and track hand
gestures through a webcam, coupled with the PyAutoGUI library in Python to
control the mouse cursor. Additionally, a voice assistant was employed to interact
with the gesture recognition program and perform computer control tasks. The
results demonstrate that the system achieves an accuracy rate of over 95% under
good lighting conditions, with a simple background and close proximity, surpassing
the accuracy of traditional methods. In summary, this virtual mouse system

provides utility and enhances the computer interaction experience.

Keywords: virtual mouse, hand recognition, hand detection, mediapipe.
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