Tap chi Khoa hoc Bai hoc Céng Thurong 25 (3) (2025) 80-89

THIET KE, THI CONG CANH TAY ROBOT
PIEU KHIEN BANG CU CHI TAY

Cao Qudc Khanh, Tran Lé Phuwéc, Tran Hoan*
Trwong Pai hoc Cong Thieong Thanh phé Ho Chi Minh
*Email: hoant@huit.edu.vn
Ngéy nhan bai: 22/5/2023; Ngay chip nhan dang: 28/6/2023

TOM TAT

Bai bao nay trinh bdy mét ban thiét ké cai tién canh tay Robot gidng v6i canh tay ngudi, duoc
thiét ké cac ciu tric khop n01 tuong tmg véi cac diém khop trén ban tay nguoi. Co kha ning chuyén
d6ng mot cach linh hoat gidng nhu canh tay ngudi, cing voi phuong phéap quy ddi hé toa do truc, trich
xudt cac diém toa do va so sanh céc vi tri thay ddi trén ban tay dua trén cac thuét toan tién xu 1y anh va
thudt toan may hoc dé phan tich ctr chi tay diéu khién canh tay Robot.

Tir khéa: Ct chi tay, canh tay robot, raspberry pi, hé théng nhung.
1. GIOI THIEU

Niam 1954, canh tay Robot 3 bac, 5 bac duoc dura vio trong cac day chuyén. Bén nam 1961, General
Motors da sir dung khoang 450 canh tay trong nha may nung & Trenton. Thoi gian ddu, cac mé hinh canh
tay robot thuong dugc sir dung chinh trong linh vyc san Xuét, lép rap 6 t0, dong co 16n. Dan dan, v6i su
céi tién va tinh chinh céc thao tac ngay cang c6 kha ning chudn xac cao, canh tay robot mé rong linh virc
{ng dung cta minh trong cac nha may dién thoai, may tinh, vi mach/dién tir, san phim nhya [1].

Nhiéu cong trinh nghién ctru vé canh tay Robot da dugc cong bd, cac cong trinh st dung cac soi
nhua dé lam truc khop cho ban tay [2-5], bai bao trinh bay mét giai phap thay thé 1a str dung 6c vit, thay
thé cho sgi nhya lam truc khop dé tranh duoc cac chuyen dong rung lic nho 1am giam hiéu qua chuyén
dong cac khép ddt ngén tay, dong thoi ting thém sy chic chan cho cac khdp dbt ngon tay Robot.

Ngoai ra bai bao dé xuat thém viéc st dung bd cing diy gan nam 'bén trong bung cang tay Robot
v6i nhiém vu giit duoc do cang trén bé mat soi ddy gan, gia ting sirc ndm cua ban tay Robot va khong
bi trugt ra khoi dong co khi van hanh [6-8]. B cang day gan duoc thiét ké voi diém bam st dung mot
dau 10 xo duoc lip rép trén bo cang va dau con lai cta 10 xo dwoc lip rap véi 6ng dan chiu nhiét va dau
bbi tron xung quanh trong 1ong éng dan dé tranh dugc ma sat khi hoat dong. Cac 6ng dan duoc thiét ké
xac dinh theo tung nhi€ém vu cla cac ngon tay, gitp cac ngon tay hoat dong duoc linh hoat hon.

2. NOI DUNG CHINH

2.1. So d6 khdi hé théng

So d6 khéi hé thdng dugc thé
hién nhu trong Hinh 1. Board nhing Negudn cung cap Camera
Raspberry Pi nhén hinh anh d§1u~ vao +
tor camera, xur ly nhan dién chuoi cu
chi tay roi truyén tin hiéu diéu khién Raspberry PI4 [«
dén khéi dong co dé didu khién canh

tay Robot hoat dong tuong ting.

Hinh 1. So &6 khdi hé thong
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2.2. Thiét ké canh tay Robot

Cénh tay Robot dugc thiét ké giéng vi canh tay ngudi lan luot dugce thé hién nhu trong cac Hinh
2, Hinh 3, Hinh 4, Hinh 5, Hinh 6, Hinh 7 va Hinh 8. Cac chi tiét 3D duoc quan sat qua bén mat phang
ki hi¢u trén hinh anh bao gém: (a) Front View (nhin tu phia trudce), (b) Right View (nhin tir phia bén
phai), (c) Top View (nhin tu phia trén xuéng), (d) Bottom View (nhin tir phia dudi 1én trén).

(b)
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Hinh 2. Thiet k€ 3D mdt trong ban tay Hinh 3. Thiét ké 3D mit ngoai ban tay
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(d)
Hinh 5. Thiét ké 3D khdi dan hudng soi gan

(d)
Hinh 4. Thiét ké 3D truc cb tay
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Hinh 7. Thiét ké 3D khéi gia d& dong co servo
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Hinh 6. Thiét ké 3D céng tay
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(a)

(c) . (d)

Hinh 8. Thiét ké 3D ngon tay

2.3. Giai thuit nhin dién ci chi tay

Luu d6 giai thuat nhan dién cir chi tay dugc thé hién nhu trong Hinh 9. Du tién, anh dau vao
dugc thu tir camera, sau d6 s duoc tién xur Iy anh. Tiép theo, thu vién Mediapipe dugc dé xuat dé phat
hién ban tay c6 trong khung hinh, sau d6 v€ khung xuong va xac dinh 21 di€ém moc trén ban tay nguoi
nhu trong Hinh 10.

Cudi cung, khoéng céch tir 0 tay (diém 0) dén timg dau ngén tay (diém 4, diém 8, diém 12, diém
16, diém 20) dugc tinh nhu trong Hinh 11. Céc gia tri nay sau d6 dugc so sanh véi mirc ngudng dat ra
dé so sanh xem ngdn tay dang mé hay dong, tir 46 xac dinh ctr chi tay twong ung.

e
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LAy khung hinh

e =
Chuyén doi
khéng gian mau

v

Phat hién
| bantay | Ngén tay dudira || Ngén tay co lai
A A
v
V& cac Ding Sai
diem moc
| \\
Két néi khung So sanh
xwong ban tay . khoang cich >
Xdc dinh toa d§
cac diem dau
ngon tay
Xac dinh khoang
Lay toa do X, Y > cich giira cic dau
ngon tay va co tay

Hinh 9. Luu @b giai thut nhan dang cir chi tay
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Hinh 10. V& xuong va xac dinh toa d6 21 diém trén ban tay

Hinh 11. Tinh khoang cach tir ¢b tay dén du cac ngén tay

2.4. Giai thuit diéu khién ngén tay Robot

Luu dd giai thuat diéu khién ngén tay Robot duge thé hién trong Hinh 12. Khi nhan dwoc frame
anh tir camera, dir liéu dugc xtr Iy nhan dién ct chi tay roi guri tin hi¢u diéu khién twong Gtng dén céc

chan GPIO trén Raspberry Pi dé didu khién cic dong co Servo tao thanh cir chi tay twong Gng.

Vi tri cua céac servo duoc diéu khién bc’ri d6 rong xung cua tin hiéu PWM 50Hz. Do d6 can bat
chuodi xung PWM trén Raspberry Pi ¢ tan s0 50 Hz. Chu ky cuta tin hi¢u 1a: 1/50 = 0.02 (s) =20 (ms).

Bang 1 trinh bay rd s ngon tay dugc dua lén hay ha xudng tuong ng véi viée dong co Servo
thuc hién chu ky nhiém vu (DutyCycle) dé dat duoc ket qua mong muén. Véi gia tri DutyCycle 2.5
dong co Servo co vi tri nam hoan toan bén trai, gia tri DutyCycle 12 ddng co Servo c6 vi tri nam hoan

toan bén phai.

Bang 1. Thong sb chu ky nhiém vy

Ngoén tay | Servo Thumb | Servo Index | Servo Middle | Servo Ring | Servo_Little
1 12 2.5 12 12 12
2 12 2.5 2.5 12 12
3 12 2.5 2.5 2.5 12
4 12 2.5 2.5 2.5 2.5
5 2.5 2.5 2.5 2.5 2.5
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Hinh 12. Luu db giai thuét diéu khién ngon tay Robot

84



Thiét ké, thi cong cénh tay robot diéu khién bang ctr chi tay

2.5. Giai thuit diéu khién khuyu tay Robot
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tir camera
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Hinh 13. Luu db giai thuét didu khién khuyu tay Robot

Luu dd giai thuat diéu khiép khuyu tay Robot dugc thé hién trong Hinh 13. Géc quay canh tay
duoc xac dinh dya trén sy thay doi vi tri ¢0 tay gitra cac khung hinh. Str dung phuong phap quy doi hé

toa do truc, dua vao toa do hai diém X, va X, dé tinh toan thong $6 g6c quay nhu trong Hinh 14,
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Hinh 14. Tinh toan goc quay canh tay Robot
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3. KET QUA THUC NGHIEM

M hinh canh tay Robot dugc thi cong thyc té: nhu trong Hinh 15. Két qua thuc nghiém diéu khién
canh tay Robot hoat dong lan Iugt 5 ngon dugc thé hién 1an luot trong cac Hinh 16, Hinh 17, Hinh 18,
Hinh 19, Hinh 20 va Hinh 21.

Hinh 18. Két qua cir chi tay Robot dém sb 3 Hinh 19. K&t qua cir chi tay Robot dém sb 4
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Hinh 20. Két qua ctr chi tay Robot dém sb 5 Hinh 21. Két qua ctr chi tay Robot dém s6 0

Hinh 22 thé hién Kkét qua canh tay Robot vﬁy chao. Hinh 23 thé hién canh tay Ro‘tlot thue hién hién
cu chi nguoi nhén (ngodn tay cai, ngdn tay tro, ngon tay ut do 1én va ngén tay deo nhan, ngdn tay gitra
ha xubng).

Hinh 22. Két qua canh tay Robot vy chiao Hinh 23. Két qua canh tay Robot
thyuc hién ctr chi ngudi nhén

Hinh 24 thé hién két qua thuc nghiém lyc nim cua canh tay Robot khi cho thtr nghiém nim trai
banh tennis.
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Hinh 24. Két qua canh tay Robot thuc hién nim trai banh tennis

Hinh 25 thé hién két qua thuc nghiém d linh hoat ciia ngén tay Robot khi cho thir nghiém bit tay
nguoi.

Hinh 25. Két qua canh tay Robot thuc hién cir chi bit tay

4. KET LUAN

Bai bao da trinh bay mot ban thiét ké canh tay Robot, ciing nhimng giai phap xu 1y gitip ting do
chic chin va do linh hoat trén canh tay Robot. Dé xuét giai thudt phat hién ban tay nguoi, nhan dién cur
chi tay va diéu khién canh tay Robot thuc hién theo cac cir chi d6. Két qua thuc nghiém cho thiy phuong
phap nay dat dwoc do chinh xac cao, khuyén khich sw sang tao va ciia con ngudi, ngudi ding 6 thé tao
ra cac cir chi tity chinh dé diéu khién canh tay Robot theo nhu cau va muc dich cu thé. Didu nay mo ra
canh cira cho viéc thir nghiém va phat trién céc (mg dung méi ctia Robot trong nhiéu linh vyc tiém ning
nhu trong linh vye nhu y té, san xuét va gido duc.
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ABSTRACT
DESIGN AND IMPLEMENTATION OF A GESTURE-CONTROLLED ROBOTIC ARM

Cao Quoc Khanh, Tran Le Phuoc, Tran Hoan*
Ho Chi Minh City University of Industry and Trade
*Email: hoant@huit.edu.vn

This paper presents a method of coordinate conversion, extracting coordinate points, and
comparing the changing positions on the hand based on image preprocessing algorithms and machine
learning algorithms to analyze hand gestures controlling a robotic arm. Experimental results show that
this method has high accuracy and fast processing time, and can be applied in various fields, including
assistive robots for people with disabilities and production robots.

Keywords: Hand gestures, arm robot, raspberry pi, embedded system.
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