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TOM TAT

Ngay nay, nhiéu thiét bi y té dwoc img dung cong nghé tién tién nham ndng cao hiéu qua
diéu tri va quda trinh kham chita bénh. Pé phuc vu nghién ciru va phat trién nhitng thiét bi dé can
c6 hé thong thir nghiém, mé phong nham ngdn ngira rii ro, nguy hiém cho con nguoi. Trong nghién
cutu nay, robot muoi bdc tw do sé dwoc nghién cuu thiét ké dwa trén su két hop cua canh tay may
sau bdc tw do véi robot bon bdc tu do va dé xudt phuwong an thur nghiém thiét bi vit ly tri liéu cho
cdc bénh Iy lién quan dén canh tay nhw khé khan trong di chuyén hay triéu chimg run.

Twr khoa: Robot muoi bac tw do,; Thir nghiém, Thiét bi vit ly tri liéu; Run tay.
ABSTRACT

These days, there are numerous medical devices using cutting-edge technology to improve
the effectiveness of treatment and healing process. In order to mitigate risks and dangers to human,
it is necessary to have testing and simulation systems for research and development. In this study,
a ten-degree-of-freedom robot model will be researched and designed based on the combination
of a six-degree-of-freedom manipulator with a four-degree-of-freedom robot and propose testing
programs to evaluate rehabilitation equipment for tremor or troubles moving arm.

Keywords: Ten degree-of-freedom robot; Testing, Rehabilitation equipment; Tremor.

1. TONG QUAN

Thiét bi y té nhu may tap vat 1y tri liéu,
may do hoat dong cta canh tay,... dong mot vai
trd quan trong trong viéc hd trg dam bao sirc
khoe va doi sdng cua con ngudi. Trong qua
trinh phét trién va san xuat cac thiét bi trong
linh vurc y té thi cic qua trinh thir nghiém, kiém

tra cac thiét bj luon duge dat 1én hang dau dé
dam bao cac tiéu chuan k¥ thuat. Bé dam bao
duogc tinh an toan va sy hiéu qua trong diéu tri,
phuc hdi dbi véi cac bénh nhan co triéu ching
run & tay, mot hé thong mé phong cac chuyén
dong va hanh vi triéu chirng run & tay nguoi s€
duogc dé xuat nghién ctru thiét ké trong bai bao
nay.
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1.1. Tim hiéu vé canh tay ngudi

Canh tay con nguoi dugc chia thanh
bbn phan: Vai, canh tay trén, cing tay va ban
tay. Cac by phan cua canh tay tao nén 7 bac
tu do voi 7 khdp xoay va 3 bac tu do dugce tao
ra gita lién két ctia khép vai va co thé khi di
chuyén. Céc béc tu do va khdp xoay cua canh
tay s& duoc biéu thi trong Hinh 1.
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Hinh 1. Bay bdc tw do ciia khop vai, khop khuyu
tay va khép cé tay.

Theo nghién cuu [1], [2], cac gidi han
goc tuong tng véi 7 khép ¢ Hinh 1 duge néu rd
o Bang 1.

Bang 1. Gioi han goc quay cua bay khop canh tay

Khép Gidi han goc, °

Khop vai (1) —60 + 180
Khép vai (2) —75 + 180
Khop vai (3) 45+ 135
Khép co tay (4) ~75 +80
Khop c6 tay (5) —35+45
Khép cb tay (6) ~75+ 60
Khép khuyu tay (7) 40 + 180

Viéc nghién ctru cac chi s lién quan
dén do6 dai, khdi lugng va trong tam cac phﬁn
canh tay s& dua ra yéu cau thiét ké robot gidng
v6i thuc té nhat. Trong nghién ciru [3], tac gia
da chi ra d6 dai cua canh tay trén, cing tay va
ban tay cua mdt nguoi dan 6ng cao 180cm.

(cm)
273 | 21.4
Cang 1 Ban ‘
tay tay

Hinh 2. Chiéu dai tirng phan cdnh tay

Mac du vay, chiéu dai cua canh tay con
nguoi co su khac biét gitra cac cd nhan voi
nhau nhu ving mién, thé trang hay di truyén.
Thay vao d6, mot sd nghién ctru vé chiéu dai
ctia canh tay dé chi ra rang co6 mdi lién hé giira
chiéu cao va chiéu dai ciia timg phan trén canh
tay [4], [5]. Két hop véi thong tin tong hop tir
céc nghién ctru vé con ngudi tai Viét Nam [6],
thong s6 vé chiéu dai cho timg phan ciia canh
tay dugc chon nhu Bang 2, ngoai ra theo bao
c4o [7], trong tim cuia timg phan dugc biéu thi
theo chiéu dai ctia phan d6 nhu Hinh 3.

Bdng 2. Chiéu dai tirng phan ciia canh tay

Bo phan Chiéu dai, cm
Céanh tay trén, L, 30.2
Cang tay, L, 27.3
Ban tay, L, 214

Hinh 3. Trong tam ciia tirmg phan canh tay

Nhiing béo céo vé khéi luong cua ting
phan canh tay v6i cac phuong phap do ludong
khac nhau trong [8], [9], [10] chi ra duoc khéi
luong trung binh va mdi lién hé gitra khdi
luong co thé va khéi luong cta timg phan canh
tay. Qua do, ta xac dinh khéi luong thiét ké cho
tirng phan cta canh tay nhu mo ta & Bang 3.
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Bdng 3. Khoi heong timg phan cia canh tay

Bo phén Khéi lwong, kg
Céanh tay trén 1.65

Cang tay 1.05

Ban tay 0.41

Qua d9, ta xac dinh dugc so o nguyén 1y,

xay dung dong hoc thudn va vung lam viéc theo
cac gid1 han cho 7 bac tu do cia canh tay nguoi:

Hinh 4. So' do nguyén 1y 7 bdc tw do ciia canh tay

Hartenberg:

Tiép d6, chung ta c6 duoc bang Denavit

Bang 4. Bang Denavit-Hartenberg cua canh tay
nguoi 7 bdc tw do

Mdi ma tran bién ddi i— lT s€ duoc
viét dudi dang tong quat:

i—1lmp
il = Rzp.Transy s Transy, Ry, (1)

c(0) —s@)c(a;) s(@)s(a;) a;c(8;)
_ s c@)c(a) —c(B)s(e) 5(9)
1o s(a;) cos(a;) 2
0 0 0 1
Véi:
c(6,) = cos(6,)
s(0,) = sin(0,)
c(a) = cos(a,)
s(a.) = sin(a.)

Ma tran bién d6i cuoi cung cho diém
cuoi va hé co so:

0 _ 012 3grdgr 56

7T — 1T2T3T4T5T6T7T
T11 T2 3 P

_ T'zl T'zz ?”23 py
31 T3z T3z D=z
0 0 0 1

Tu day, ta c6 thé tinh duoc vung hoat
dong cua canh tay nguoi bang cach sir dung
phan mém Matlab.

A=Y PLANE

IEE AN Y
./\ |
8 £ 8 o8 &8

—t__

(c) (d)
Hinh 5. Vang hogt dong cua canh tay (a), trong
mdt phang X-Y (b), trong mdt phang X-Z (c), trong
mdt phang Z-Y (d).

I;:gtn a,m a,rad | d,mm | 0,rad

1 0 -2 0 0,

2 0 -2 0 0,

3 0 w2 UA 0,

4 0 -2 L., 0,

5 0 w2 0 0,

6 0 w2 0 0,

7 L, 0 0,
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1.2. Bénh ly run cia tay nguoi

Run 1 mot chuyén dong khong thé
kiém soat dugc, c6 tan sb va bién do khac nhau
do nhiéu yéu t6 khac nhau. Mic du khong ¢
hai nhung run co6 thé lam suy giam cac chuc
nang hang ngdy, chang han nhu run tay, canh
tay, dau, chan va giong noi, gay khé khan trong
cac hoat dong nhu viét hodc cam dd vat. Ngoai
ra, sy suy giam trong viéc di chuyén canh tay
ciing tao ra khong it kho khin cho ngudi méc
phai.

Quacacbaocao[11],[12],[13], bénh 1y
clia ngudi méac ching run tay dugc chia thanh
nam loai chinh: run khi nghi, run khi chuyén
dong, run do tac dong, run khi giir tu thé va run
khi [am mdt hoat dong cu thé. Tan s rung cua
cac bénh nhan thu duoc tir 4 + 12 Hz vdi1 bién
do rung tr 0.0059 + 0.19cm [14].

2. PE XUAT THIET KE
2.1. M6 hinh co khi

Véi nhitng yéu cau ki thuat dugc néu &
trén, phuong an thiét ké duoc dé xuét két hop
gitra mo hinh séu bac tu do cua canh tay may
va bbn béc tu do cua khuyu tay va co tay nhu
Hinh 6.

Hinh 6. Phuong an thiét ké robot 10 bdc tw do

Vi cac thiét bi y té, tap luyén vat 1y tri
liéu cho cac bénh 1y lién quan dén canh tay hién
nay, da phan duoc thiét ké dé deo hoic co ciu
tric pht hop voi phan canh tay tir khép cau vai
dén ban tay. Vi vay, thay vi phai thiét ké hoan
toan muoi bac tu do cua robot, nhdm nghién
ctru dé xuat phuong an sir dung mot canh tay
robot voi sau bac ty do md phdng ba bac tu do
ctia co thé va ba bac tir do ctia khép vai, két hop
vé6i robot bén bac tu do mé phong khép khuyu
tay va khép cau cua cb tay.

2.2. Mach dién

Bo diéu khién cta canh tay may 6 bac
tu do stir dung nguén 220VAC con véi bd didu
khién dong co cua 4 bac ty do cang tay va ban
tay sir dung dién ap 24VDC. So d6 khdi cua
mach dién trong m6 hinh robot muoi bac tu do

duoc bic¢u thi nhu Hinh 7.
220 VAC — —»Tin higu
— —_— Nguén
Diéu chinh ap
v __
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Hinh 7. So 6 khéi mach dién
2.3. Diéu khién

Trong qué trinh md phong, robot can
phai bam theo quy dao tham chiéu hodc rung
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theo bién do vi tri thiét 1ap. Phuong phap diéu
khién cua robot dugc dé xuat nhu mo ta & Hinh
8:

|

B didu khién [ MOhinh4
_ bac tu do
Pong hoc + B0 di€u khién Mo hinh tay
nguoc _ tay may may Xp
A | Yp
Zg
. Xrc] [XrE
Ma trén bien | o [Yec| [Yre
doi @rcd g

Hinh 8. So' do khoi phwong phdp diéu khién

Véi dau vao 1a vi tri cudi ctia ban tay
robot duogc bién doi qua ma tran tinh toan dua
vé goc clia cac khop Céc dong co s¢ dap tng,
dua robot tién dén vi tri mong mudn va thuc
hién hanh vi run duoc thiét 1ap trong chu ky
hoat dong.

2.4. Giai thuat

Robot duoc diéu khién theo bén chuong
trinh 1am viéc nham muc dich mo phong lai
hanh vi run va hién tugng cac khop kho di
chuyén ciia nguoi bénh bao gdm: run khi nghi,
run khi hanh dong, run khi gitr tu thé va ngan
can chuyén dong cta cac khép canh tay.

3. MO HINH THIET KE 3D

Dya trén nhitng dé xuit trong phan
trudc, nhom nghién ciru da thiét ké mo hinh 3D
clia cac canh tay bang phan mém Solidworks.
Céc thong s6 ciia mo hinh thiét ké dé xuét duoc
mo ta trong bang sau:

Bdng 5. Théng sé canh tay robot bon bdc tir do

Théng sb canh tay Gia tri
Loai 4 truc
R ) L =292, L =231
A N UA > TFA >
Chiéu dai, mm L, =184,L_=74
Tan s6 rung, Hz 4-+-15Hz
Khuyu tay: —90 + 140
. o | Co tay (1): 0+ 360
Gioi han goéc quay, cd tay (2): —90 =90
Co tay (3): -90 90

Canh tay may 6 bac tu do cia Denso
véi ma hiéu DENSO VC6353-E.

Bdng 6. Théng s6 canh tay méay VC6353-E

DENSO
Théng s tay may Gia tri
Loai 6 truc
Van toc t6i da, m/s 0,004
Tan s6 rung, Hz 4+ 15Hz

Run khi gitr
tu thé
T

Run khi

hanh dong Run khi ng}u

Ngén can
chuyén dong
T

o

Duong ist joi
@ ha long Khép et

| Rung |

Rung Rung

@

w Khon;
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Resist joint
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J: %160, 1,: +90,
J;:+145,7: £170,
J; £120, 1, +360

Gidi han goc quay, ©

Chiéu dai cia mé hinh canh tay bon bac
tu do dugc phan bo nhu Hinh 10:

e U N

Hinh 10. Chiéu dai cac phan ciia canh tay robot

bén béc tw do

Hinh 9. So' do gidi thudt ciia robot
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Mo hinh 3D cua robot sau khi dugc lip
nhu trén hinh sau:

;‘5

Hinh 11. Robot sau khi dwoc ld'p dat
4. KET LUAN

Bai béo trinh bay tong quan vé thiét ké
dé xuat cho mo hinh cénh tay va hanh vi cta
tri¢u ching run ¢ tay nguoi, qua dé xac dinh
dugc cac thong sb thiét ké dya trén canh tay
that va cac thong sé lién quan dén triéu chimg
run tay. Nhom nghién ciru da dé xuat phuong
an cho md hinh co khi, mach dién, diéu khién
va giai thuat diéu khién cho robot mudi bac tu
do mo phong chuyén dong va hanh vi cia tridu
ching run tay & nguoi.

Day 1a budc dau tién cuia hudng nghién
ctru, nén mot sd dé xuat chua duoce toi wu, nhiéu
van dé can cai thién lién quan dén ca ki thuét
va cac yéu cau dic biét dé phu hop voi cac thiét
bi y té trong khi thir nghiém va danh gia. Dya
trén két qua dat duoc trong bai bao nay, nhom
nghién ciru s& tiép tuc cai tién, phat trién mo
hinh va giai thuat diéu khién dé tién hanh cac
budc thuc nghiém va ung dung vao thuc té.
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