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Tém tit - Bai bdo nay trinh bay vé qua trinh phat trién canh tay
gia diéu khién bang song ndo ngudi. M6 hinh canh tay gia ché tao
va l4p rap dya theo co cdu va ti 18 trung binh cua canh tay ngudi
truéng thanh. Cir dong canh tay dwoc truyén dong bang cac dong
co Servo. Cac tin hi¢u song ndo (cac trang thai Attention va
Meditation) nhan duoc tir cam bién Mindwave Neurosky 2 duoc
xtr Iy dé didu khién canh tay gia nay. Qua trinh thir nghiém cho
thiy kha ning dung séng ndo dé thic hién mot s dong tac co ban
ctia canh tay gid nhu gap mo khuyu tay, xoay cd tay vai ti 16 thanh
cong 1én dén 90%. Tuy nhién, tinh ning hoat déng cia canh tay
gia bi han ché do cam bién nay chi c¢6 4 kénh va do dugc 2 loai
song. Dé cai thién va mo rong tinh ning hoat dong ciia canh tay
gia, loai cam bién séng ndo co chét lwong tét hon can duoc thay
su dung dé ¢6 thé doc tin hiéu chinh x4c va thu thap duoc nhiéu
loai séng ndo hon.

Tir khéa - Tin hiéu séng néo; canh tay gia; cam bién Mindwave
neurosky; séng ndo Attention; song ndo Meditation

1. Gioi thiéu

Theo bao cao cua gido su LeBlanc thudc dai hoc
Standford thi udc tinh cho théy, mudi triéu nguoi trén trai
d4t tai bat ky thoi diém nao ciing phai chiu anh huéng cua
viéc mat mot chi hodc mét phan co thé [1]. Ba muoi phan
tram trong s6 nhitng ngudi nay 1a nhitng ngudi cut chi trén
bi mét toan b hodc mot phan canh tay. Theo bo céo didu
tra ciia Unicef vé& ngudi khuyét tat & Viét Nam vao nim
2016-2017, cac truong hop khuyét tat d6 thuong gip kho
khan khi dugc ndng mot vat nang c6 khéi lwong 2(kg) tir
thit lung 1én ngang tim mét hodc dung ngon tay dé nang
cac vat co khdi lugng nho 14 khoang trén 2 tridu nguoi va
trén 1,2 triéu ngudi khé khin vé ty chim séc ban than [2].
Do d6 nhu cau phat trién cac thiét bi tro gitip ngudi khuyét
tat 1a hét strc can thiét va c6 thé chia ra thanh 2 loai chinh
bao gdm thiét bi hd trg nhu tay gia, chan gia, xe lan [3],
[4], [5], va thiét bi giap d& phuc hdi chirc ning nhu tap
phuc hoi ctr chi cua tay, chan [6], [6].

Nhimg nam gan day, viéc phat trién thiét bi hd trg cho
ngudi khuyét tat véi nhimg k¥ thuat didu khién thong minh
va linh hoat hon d3 dugc d& xuit. M6 hinh chan gia dwoc
tich hop diéu khién bang bo diéu khién PID két hop cam
bién chuyen dong da duoc ché tao dé hd tro qua trinh di
chuyén ciia nguoi khuyét tat mot cach thu dong [3]. Tuy
nhién, ngudi sir dung khong thé ty didu chinh chan gia nay
lam nhitng hoat dong khac nhu nang cao chan hoac thuc
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hién dong tac da chan. Mot cach tiép can khac trong qua
trinh phat trién cac thiét bi hd tro ngudi khuyét tat 1a
nghién ctru xe lan dién hd trg di chuyén cho nguoi khuyét
tat duoc diéu khién bang cac cur chi cia dau ngudi [5]. Tuy
vay viéc str dung cac cir chi ddu ciia ngudi khuyét tat trong
qua trinh diéu khién thiét bi ciing ton tai mot s6 Vén dé bat
cap, nhu la: anh hudng tac dong moi dén khép cd, gdy moi
mat hoic chong mat cua ngudi diéu khién, qua trinh diéu
khién bi han ché bai mot s6 ctr chi nhat dinh. Nhin chung,
qua trinh phat trién céc thiét bi hd trg ngudi khuyét tat gdm
¢6 céac phan thiét ké co cdu, didu khién thiét bi, thu nhan
va xir Iy cac tin hiéu phan hdi cta cac cam bién tich hop
trong thiét bi do.

Muc dich cia nghién ctru nay nhim phat trién mot canh
tay gia nhén tao c6 thé thyuc hién cac chiic ning co ban ciia
canh tay tu nhién cua con ngudi c6 kha niang didu khién
thong qua suy nghi cua ndo b con ngudi. Mot cach tiép
can két hop gilta qua trinh thiét ké co khi cho robot [8],
diéu khién hoc [9], [10], nghién ctru than kinh hoc va xur Iy
tin hiéu [11] dugc tham khao va ap dung cho qua trinh ché
tao canh tay gia ndy. Mo hinh cénh tay gia dugc lap ghép
béi cac chi tiét in 3D b.';“mg vat li€u nhya PLA dua theo co
céu va ti 1¢ trung binh cua canh tay ngudi truong thanh va
Cac co cau chip hanh dugc truyén dong bang dong co
Servo. Hé thng diéu khién cho cac chuyén dong cua cac
co cAu su dung tin hiéu dau vao 1a song ndo. Cam bién
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Mindwave Neurosky 2 dugc st dung dé thu thap dir liéu
xung than kinh tir b ndo. Tin hidu than kinh (gdm hai loai
song: Attention (trang thai chu ¥) va Meditation (trang thai
thién) s& dugc xir 1y boi thuat toan va dua ra tin higu dé
diéu khién cac khdp cua robot. Mot giao dién trén phan
mém Matlab duoc xay dung dé hién thi tin hiéu song nao
nham phuc vu qua trinh danh gia két qua. Tir d6, qué trinh
thir nghiém va danh gia kha ning diéu khién hoat dong ctia
cénh tay gia véi cac loai cir dong khac nhau dugc thye hién.

2. M6 hinh canh tay gia
2.1. Thiét ké tong thé

M6 hinh canh tay gia duoc ché tao dua trén cau tric
sinh hoc thue té véi kich thudc va trong lwong khoang
2,5kg gan twong duong vdi canh tay cia con nguoi. Dau
tién, thiét k& hinh hoc tong quat cua chi tiét 1a quan trong
truée khi ché tao va sir dung ching [12]. Trong nghién
clru nay, thiét ké tong thé va twong quan cac chi tiét khi
thao, lép cua canh tay gia duoc thé hién vé6i sy hd tro cla
maéy tinh (computer aided design [13]) béi phin mém
SolidWords nhu Hinh 1, 2. Ban v& 3D mt s6 chi tiét cho
tirng bo phan dugc mo ta ¢ Hinh 3. Dé tao va diéu khién
cac loai chuyén dong khac nhau cua canh tay, cac dong
co Servo v6i dic diém co6 hiéu suat 6n dinh va kha nang
lam viéc & nhiéu tdc do va tai trong bién d6i ma khong
anh huong dén do chinh xac va tinh 6n dinh cua hé thdng
[14], [15] dugc su dung va dat tai cac khop cua canh tay
gia. Vvé tong thé, mdi ngon tay gom ba thanh phan duogc
ché tao riéng 1¢ lién két v6i nhau boi cac vit ndi. Cac dot
ciia mot ngdn tay duoc ndi voi nhau bang céac soi ddy gan,
va chuyén dong cua cic ngon tay duoc tao ra boi cac bd
truyén dong dit tai cd tay cua canh tay gia. Cac soi gan
ndy chay bén trong 15 & ngén tay tao thanh mot vong kin
két nbi v6i dong co. Khi cac dong co quay thi cac gin nay
duoc kéo hodc gian va tac dong 1én cac khdp cia ngén
tay dé diéu khién qua trinh co dudi ctia ngén tay [16].
Ngoai ra, & dau cac ngon tay co cac khe nho dé tao nén
diém khoa gan. Diém khoa gan rat can thiét, dé khi gan bi
cang no s& kéo dau ngdn tay va lam cho tat ca cac khop
xoay. Néu gan khong duoc khoa thi né s& bi truot va khi
d6 chuyén dong cua cic ngon tay s& khong diéu khién
dugc. Day gan sir dung trong thiét ké duoc lam bang vat
liéu nhua tong hop c6 tinh dan hdi cao dé ting kha ning
chiu lyc va co gian tdt. Mait khac, ph?m céanh tay, noi chua
cac dong co va bd truyén dong cua ban va canh tay, dugc
thiét ké phu hop véi viée tién thao 1ip va dé dang thay
thé. Bé tang khoi lugng co thé nang ha cua canh tay, cac
b truyén banh rang co ty s6 truyén 3: 1 dugce st dung tai
cac khop canh tay dé ting md-men xoén cua cac dong co
servo. Trong thiét ké nay, khuyu tay ¢ thé xoay mot goc
co gia tri 110°, twuong duong véi khuy tay cua con nguoi.

Hinh 1. Thiét ké tay gid bang phan mém SolidWords

Ngon tay

Khuyu tay

He¢ théng truyén dong
ngon tay

Gan truyén dong

Hinh 3. Céc chi tiét ciia tay gia
2.2. Tinh todn déng hoc va luc tic dpng trong mé hinh
cdnh tay gid
2.2.1. Béng hoc thudn

Hinh 4. Hé quy chiéu ciia canh tay gia

bé xac dinh kha nang van dong ctia canh tay gia, viéc
tinh toan hé théng dong hoc cta né 1a can thiét [17]. Pau
tién, ta chon vi tri ban dau va chon gdc toa do Op ban dau
cta canh tay nhu Hinh 4, truc Zo tring véi truc khép thu
nhét. Do truc khép 1 va 2 vudng gc nhau, nén tm O dugc
dit tai du miat con lai ciia phuong ndi tam truc cua hai
khép. Khi d6 phuong va chiéu truc Z; ctia khop 2 sé tring
v6i phuong va chidu cia truc Xo cta khop 1. Dong thoi,
truc Z1 di quay twong d6i mot goc 90° so véi truc Zo, day
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chinh 13 phép quay quanh truc. Ta thiy gdc toa do O da
tinh tién mot doan doc theo Xo s0 v6i Oy, day chinh la phep
bién doi Trans(d,0,0) (tinh tién doc theo Xo mot doan d1)
Ngoai ra, X106 chidu vudng goc voi mat phang chira Zova
Z1 (phép bién ddi Rot(Xo, 90°). Céc truc Yo, Y1 xac dinh theo
quy tic ban tay phai.

Tiép tuc, ddi v6i khép quay 3, twong tu nhur cach xac
dinh d6i voi géc O;chon géc toa do O tai ddu mut con lai
cta dudng ndi tim hai khop 2 va 3. Truc Z; cuing phuong
v6i truc khép 3, khi do6 truc Z> da quay 1 goc -90° so voi
truc Z;, ddy chinh 1a phép quay quanh tryc nhu ¢ trén.
Ngoai ra, truc X, cing phuong, chiéu véi truc Z; nhu thé
hién ¢ Hinh 4. Trong mdi twong quan ctia cac hé truc, dé
dang nhan thiy, gbc toa do O, d tinh tién mot doan doc
theo Z; so véi Oy, d6 chinh 1a phép bién d6i Trans(0,0 d2),
tinh tién doc theo Z; mét doan d,. Trong khi d6, Z2 ¢6 chidu
vudng goc v6i miat phang chira X3 va X, theo phép bién 601
Rot(Zy, -90°); va truc Y2 con lai dugc xéc dinh theo quy tac
ban tay phai. Cudi cung, vi cudi khau 3, ngén tay khong co
khap, ta dat Os trung vai Oz va truc Xs, Y3 nhu thé hién &
Hinh 4.

Dua vao phan tich trén, ta c6 thé xac dinh duogc céc
thong s6 bang Denavit-Hartenbergt ciia robot nhu Béang 1.
Twr do, bai toan dong hoc thuédn cua canh tay gia dugc xac
dinh dua trén qua trinh bién ddi cac ma tran chuyén vi va
phuong trinh dong hoc hé thdng khi biét trude cac gia tri
cua tac dong dau vao cua cac khop canh tay.

Bing 1. Bing théng sé Denavit-Hartenbergt (DH) ciia
bai toan dong hoc canh tay gia

Khau i ai ai di
1 o1 90 0 di
2 02 -90 0 d2
3 03 0 0 0
Céac ma tran bién ddi duoc xac dinh dua theo cong thirc:
cos@ -—sind.cosa siné.sina  a.cosé
. |sin@ cos@.cosae —cos@.sina a.sing
Ai= . 1)
0 sina cosa d
0 0 0 1

Str dung quy udce viét tic cac ham lwong gidc nhu trong
tai li¢u [17], Thay cac thong so Denavit-Hartenberg cua cac
khau vao ma tran chuyén A, ta duoc:

C,0S 0
s, 0 -C, 0
= 2
Ao 1 o d, @
00 0 1
[c, 0 -5, ©
A= s, 0 C, 0 @)
1o -1 0 d,
0 0 0 1
[C, =S, 0 0
S, C, 00
= 4
A0 0 10 @
0 0 01

Tir d6, Sur dung cac phép bién d6i d6i ma tran thuan
nhit, ma tran vector cudi T3 cua bai toan dong hoc thuan
clia canh tay gia co thé duoc xac dinh theo cac budc trinh
tu sau:

2T3 =A
1T3 = AZ.ZT3
T,= AL'IT?,
CcC,C,-SS, -CC,5,-SC, -CS, Sd,
1 _|SCC+CS; -8C,8,+CCy -8S, -Cd, ©)
: S2C3 _5253 Cz d1

0 0 0 1
_Ma trén vecto cubi nay c6 dang tong quat duoc biéu
dién dudi dang:
Nx Ox Mx Px
Ny Oy My Py
T = (6)
Nz Oz Mz Pz
0 0 o0 1
_Khi do, hé¢ phuong trinh dong hoc cua canh tay gia co
the biéu dien dudi dang sau:

Nx=CC,C,-SS, Ny=SCC,+CS, Nz=S,C,

Ox=-CC,S,-SC, Oy=-SC,S,+CC, 0Oz=-S,.C,
Mx =-CS, My =-S;S, Mz =C,
Px=S4d, Py=-Cd, Pz=d,

(v6i di= 230 mm, di= 50 mm)
2.2.2. Dong hoc nghich

M6 hinh dong hoc nghich gitip xac dinh gid tri céc bién
khdp cua canh tay khi da biet vi tri cua khéu tac dong cuoi
cua canh tay (diém chuyén dong ctia ngdn tay trén ban tay).
Tuong ty cach tinh dong I}Qc ‘Ehuén, ta st gll_mg cac ma trin
chuyén Aj va cac phép bicn doi ma tran d¢ tim cac ma trén
nghich dao va bién doi cac phuong trinh dong hoc nghich.
Trinh tu thyc hién nhu sau:

A= ALATT, ™
voi A, A 1a ma tran nghich dao ciia cac ma tran Az, A
[c, S, 0 0O
A= 0 0 -1 d, ®)
|-s, ¢, 0 0
|0 0 0 1
[c, s, 0 0
e N ©)
ls, -c, 0 0
|10 0 0 1
C1C2 SICZ Sz _Szdl
) C 0 d
-1 pA-1 1 1 2
A= 10
AZ Ai _Clsz _8152 Cz _C2d1 ( )

0 0 0 1

Thay (8 + 10) vao (7), ta dugc hé phuong trinh dong
hoc nghich cua canh tay gia:
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C,C,.Px+S,C,.Pz+S,Pz-S,d, =0
-S,.Px+C,.Py+d, =0
-C,.S,.Px-S,5,.Py+C,.Pz-C,d, =0

(11)

2.2.3. Luc tac dung tai cac khop canh tay gia

X&c dinh lyc tac ddng vao canh tay gia trong qua trinh
hoat dong 1a can thiét. Gia su ngoai luc tac dong lén cac
dau ngon tay (Fas, Mas) 1a khong dang ké, va can bang voi
phan lyc tic dong tir cac khop tay khac dén dau ngon tay
(F3,E, M3,E). Khi do:

0F4,3 = _OFS,E
0 0 =
M4,3 == M3,E
Trong trang thai can bang tinh, xét trong hé toa d¢ co

s, mO-men dan dong tai khép ciia canh tay théa man hé
phuong trinh can bang sau:

OFi,i—l = OFi‘i+1 - OPi
0M-»1=0M 0r.OF-l—OI’-.OP

i,i— i+Li i i,i— ci i

[-Fx -Fy -Fz]' =0

12
[-Mx  —My —MZ]T=0 42

(13)

Voi:

OFij1 = [ Fx Fy Fz ] 1a luc do khau (i — 1) tac dung lén
khéu i & khép thir i trong hé toa d6 co ban.

"M .1 = [ Mx My Mz ] 1a m6-men do khau (i — 1) tac 1én
khau i & khép thit i trong hé toa d6 co ban.

%P; = [ Px Py Pz ] 1a trong luc ctia khau i xét trong hé
toa d0 co ban.

Or; = ORy.r; 1a vector c6 gde 1a Og ndi véi Oi.

°Ri=R:°Ry .. . MR 1a ma trn 3x quay bién ddi tir hé
toa do 0 dén hé tQa do tha i.

'r=[a dsing dcosg ]T 14 vector c6 gdc Oi.1 ndi v6i O;.

Ori = %A 'rei 12 vector c6 goc 0o ndi véi Ci.

irei: 1a vector ¢ goc 0i ndi v6i Ci & hé toa do khau i.

Xem cac khau 1a thanh dong chat, thay doi tiét
dién ngang khong dang ké, khdi lwong cac khau la
’m = [my, mz, m3]. C4c luc va m6-men tic dung vao khau
thao tac 1a °F = [Fx, Fy, Fz] va °M = [Mx, My, Mz] 1a bang
0 vi khong c6 tac dong tir bén ngoai. Tir cac thong sb va
gi4 tri ban dAu cua canh tay gia la khéi luong cac khau cia
céanh tay gid dugc xac dinh nhu Bang 2.

Bing 1. Khoi liwong va liec tac dung lén canh tay gia

Théng sb Pon vi Gia tri
my kg 0,4
m2 kg 0,8
ms kg 0,3

Luyec tac dong va mo-men 16n nhét & trén cac khop canh
tay 1a khi ¢ trang thai dudi thang. Dé don gian bai toan, ta
gia thiét bo qua cac anh hudng ctia ma sat tai cac khép quay
va gia tri dan h01 cua cac gan kéo chuyén dong ngon tay.
Duva trén cac $6 liéu thong so da cd, cac lyc tac dong gilra
cac khau véi nhau & trang thai dudi thé“ing duoc xac dinh
v6i cac gia tri lan luot nhu sau:

F.=[0 3 0] ; F,=[11 0 0] ;F,=[0 15 0O

Ta thiy, Fmax= 15 N 13 ¢ khép xoay khuyu tay. Tir do,

md-men t01 thleu ma dong co phai tao dugc dé xoay canh
tay voi ti sO truyén ciia cap banh rang 3:1 va mo-men can
thiét dé kéo cac ngon tay (ngon dai nhat 1a 15 cm) dugc xac
dinh nhu sau:

Teervor = Fmax-0; =11.5 (kg.cm)
=F o Opiner = 2.25 (kg.cm)

servoZ Finger

Tu d6, dong co servo MG995 vi mb-men cuc dai
15 kg.cm sé& dugc lya chon cho co cdu ¢ khdp ¢ tay, va co
céu kéo cac ngon tay s& chon dong co servo MG996R véi
md-men cuc dai 3.5 kg.cm vi chi phi thap, d& tim kiém trén
thi truong va phu hop véi diéu kién v& md-men yéu cau.
M0o-men cua khdp co tay voi gia thiét 1a trong tAm nam léch
khong dang ké so véi truc quay nén ciing duoc chon dong
co MG996R.
2.3. Phwong dn tgo mau sdn pham

Uu, nhugc diém cac phuwong an dé in vo ngoai canh tay
duoc gidi thi¢u trong Bang 3. Vi tiéu chi uu tién an toan
cho strc khoe, dé ché tao va gia thanh khong dugc qué cao,
sau khi phén tich wu va nhugc diém cta cac phuong an theo
Bang 3 [18], [19], phuong 4n tao mau canh tay bang
phuong an in nhya PLA duoc s dung. Canh tay gia sau
khi dugc in 3D véi nhya PLA dwoc lép rap hoan chinh nhu
thé hién & Hinh 5.

Bdng 3. Uu va nhurgc diém céc vat liéu nhua in

Loai

Nhua Uu diém

Nhuoc diém

Twong thich nhidu may in

In toc dg cao Dé bi nong (hap nhiét)

PLA |Cong vénh thap DG bén thip
Nhiéu mau séc
Vit liéu an toan
Gia thanh ré
ABS Nhiéu mau sic Cé tinh dfc hai.
Twong thich nhieéu mdy in |Bi cong vénh
Co tinh tot
bo 'bén cao, linh hoat Chiu Iuc véu
Nylon |Chat lugng in tot Bi co dﬁny '
Khang hoa chat i

Rét dit tién
D¢ cong vénh

Co6 thé tai ché
PP |Chiu lwe va giit mau tot

Khéang khuén Ning, kho in
‘ it tién
Bén hon ABS Phu hop véi may in

Chéqg tia cyc tim
It bien dang va hao mon
theo thoi gian

chuyén dung

Yéu ciu do chinh xac
lam mat cao

Vit li¢u it ¢6 siin

ASA

Hinh 5. Hinh danh thiec 6 ciia tay gid va cdam bién Neurosky
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3. H¢ thong dién tir va diéu khién mo hinh

Hé théng st dung Neurosky Mindwave 2 1a mét thiét
bi cam bién ndo ¢6 kich thude nhod gon hinh dang nhu mot
tai nghe st dung cbéng nghé dién bién ndo (EEG -
Electroencephalogram) dé theo doi hoat dong ndo. Thiét b
nay co thong sé dién ap va dong hoat dong 1,5V/ 95mA
v6i kha ning do cac thong sé nhu song ndo co ban nhu
s6ng Alpha, Beta, Theta, Delta... Ngudi sir dung deo thiét
bi 1én dau va thiét bi ghi nhan dit liéu théng qua két nbi
khéng day Bluetooth [20]. So dd tin hiéu, diéu khién cua
cénh tay gia dugc thé hién & Hinh 6. Dau tién, két ndi may
tinh va cam bién Neurosky Mindwave 2 duoc thiét lap
théng qua chuan giao tiép Bluetooth. Khi may tinh bat dau
truyén tin hiéu thi cam bién s& tra gia tri Attention hoac
Meditation trong khoang 0-100 nhu vi du mé ta & Hinh 7
vé cong COM (tin hiéu USB) cua may tinh. Module
FTDI232 ¢6 chitc nang doc va chuyén ddi tin hiéu USB
sang UART duoc st dung dé xtr 1y va truyén nhan dit lidu
gitra may tinh véi Arduino tht 1. Tin hi¢u tir Arduino thu
1 luc nay s& dugc truyén bang song vo tuyén khdng day
dén Arduino thtr 2 dugc gin trén tay gia st dung cip
module truyén nhan dir liéu NRF24L01(Transfer) két noi
véi Arduino 1 va NRF24L01(Reciever) két ndi trén
Arduino 2 cho phép truyén tdi da 100m trong diéu kién Iy
tuong va 30-50m trong diéu kién thudng (c6 vét chan). Llc
nay Arduino thir 2 sé xtr Iy cac tin hiéu song ndo nhan dugc
dé diéu khién cac dong co servo cua tay gia theo cac diéu
kién da dat ra nhu mo ta & Bang 4.

Neurosky
Mindwave 2
| Bluetooth
Y | I FTDI232
Module
May tinh t UART
Arduino 1
‘ SPI
. SPI
Arduino 2 NRF24L01
Transmitter
|
1 ‘ RF
Tav eid NRF24L01
vE Receiver

Hinh 6. So' d6 tin hiéu
Vi cam bién Neurosky Mindwave 2 chi 1 loai cam bién
4 kénh do d6 chi c6 thé setup dé huén luyén 4 loai dong tac.
Céc tin hi¢u ldy vé tir cam bién séng ndo 1a Attention va
Meditation co gia tri dao dong tir 0 dén 100 twong tmg véi
kha nang kich hoat no-ron than kinh hoat dong manh hoac
{rc ché hoat dong (hoat dong yéu) tai ving than kinh trén dau

ma dau do cam bién dugc gan vao. Trong nghién ciru nay thi
cac tic gia dua ra 4 loai dong tac tuong tmg (Xoay cé tay
sang trdi hodc phdi, va gap hodc mé khuyu tay) véi cac diéu
kién gia tri Attention va Meditation nhu Bang 4 sau.

Attention Meditation
100 100 l
\ L !
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Vol I
80 ! 80 “ (VI 1)
WY (]
70’\ 70 RN
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Hinh 7. Tin hiéu tir cam bién song ndo

Bing 4. Bing gid tri diéu khién canh tay

Hoat d(’)ng Diéll kién
Xoay cb tay sang trai Meditation > 40
Xoay ¢b tay sang phai Meditation < 40
Gép khuyu tay Attention > 40
Mo khuyu tay Attention < 40

4. Két quéa thue nghiém

Thyc nghiém dugc thyc hién voi 1 nguoi truong thanh
nam 20 tudi tham gia va s& trai qua 2 giai doan. Ngudi tham
gia duoc yéu cAu thyc hién ngau nhién cac hoat dong nhu &
Bang 3. Mdi hoat dong s& duoc yéu cAu thuc hién khoang 20
lan, trong vong 5 gidy néu hoat dong d6 khong dugc thuc
hién thi xem nhu lan thir d6 chua dat. Chi tiét thong ké ciia
két qua thir nghiém dugc thé hién ¢ trong Bang 5 sau.

Bing 5. Két qud trude khi tdp luyén sir dung

Hoat dong S614n thir | Thanh cong Ty 1é
Cb tay xoay trai 20 3 15%
Cb tay xoay phai 20 10 50%

Gép khuyu tay 20 4 20%
Mo khuyu tay 20 5 25%
Total 80 22 28%

Sau d6 ngudi tham gia s& duoc cho tap luyén mdi ngay
khoang 30 phiit (15 phut sang va 15 phut chiéu) dé c6 thé
diéu chinh dugc song ndo trong vong 2 tuan. Phuong phép
huén luyén 1a nguoi sir dung diéu chinh suy nghi (tép trung
hodc tha 1ong khi nhin vao man hinh may tinh) sao cho murc
Attention va Meditation tra vé tir cam bién c6 thé duogc
khéng ché cao hodc thip. Két qua thuc nghiém lai sau 2
tudn hudn luyén dugc thé hién & Bang 6.

Bing 6. Két qua trueGe khi tap luyén sir dung

Hoat dong S6 1an thir | Thanh cong Ty 18
Cb tay xoay trai 20 18 90%
Cb tay xoay phai 20 15 75%
Gép khuyu tay 20 17 85%
M¢ khuyu tay 20 13 65%
Total 80 63 79%

Két qua thu dugc & Bang 5 va 6 cho thay, ti 1& diéu




ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 21, NO. 10, 2023 77

khién thanh cong sé ting theo thoi gian huan luyén hé
thong. Trong qua trinh thir nghiém thi két qua thir nghiém
xoay cd tay c6 ti 1& thanh cong cao hon so véi ti 1& didu
khién khuyu tay thé hién rang tin hiéu Menditation 1a d&
khdng ché hon so véi tin hiéu Attention. Trong twong lai
gan, cac loai cam bién 16 kénh hodc 64 kénh s& dugc ap
dung dé co thé xac dinh duoc chinh xac hon cac loai séng
can tim tir 46 mo rong kha ning hoat dong ciia tay gia. Cac
ky thuat diéu khién canh tay can dugc tich hop thém dé
diéu khién quy dao linh hoat va mém mai hon. Ung dung
két hop vdi cac hé thdng thong minh khac va cac két ndi
IoT nhdm cho phép giao tiép truc tuyén ciing nhu lwu trit
dir liéu cho muyc dich nghién ctu.

5. Két ludn

Béo c4o nay trinh bay két qua thiét ké va ché tao canh
tay robot gid dugc dicu khién bang séng ndo. Trong qua trinh
nghién ctru va che tao, da dat dugc mot s6 két qua nhu sau:

- Canh tay gia c6 thé thuc hién mot s6 hoat dong co ban
tuong tu nhu cdnh tay con nguoi.

- Pa thanh cong trong viéc doc va xur Iy gia tri tir cam
bién song ndo véi mirc d§ don gian.

- Tin hiéu ctia hé thong dugce truyén qua song vo tuyén,
loai bo viée sir dung cac day ndi khong can thiét.

- Thiét ké dé lap rap va thao roi, thuan tién cho viéc stra
chira va thay thé thiét bi.

Mo hinh nay dap ung dugc nhu cau diéu khién bang
s6ng N&o co ban cuia nguoi tan tat, tuy nhién hé théng nay
yéu cau phai co thoi gian tap luyén dé st dung hé théng
mot cach thudn thuc. Thue nghiém cho théy dé sir dung hé
thdng tay gia nay hiéu qua thi ngudi ding can huin luyén
trong khoang thoi gian 2 tuan.

Céc két qua thir nghiém ban dau voi hé thdng cho thiy
tinh kha thi cia nghién ctru. Tuy nhién, van c6 nhimg méc
han ché can duoc khic phuc (nhu kha nang dap Gmg cua
cam bién, tinh linh hoat trong diéu khién, hay nang cap kha
ning két ndi...) trong cac nghién ctru twong lai nham gitp
cho canh tay gia dé dang tmg dung tmg dung hon trong
thuc té.

Loi cAm on: Nhom nghién ciru cam on céc sinh vién Tréan
Hiéu Thing, Nguyén Pinh Tai ciia nganh K5 thuat Co dién
tu, Truong Pai hoc Bach khoa - Pai hoc ba Ne:mg da tham
gia vao qua trinh thir nghiém dé tai nay.
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