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TOM TAT

Hién nay, robot dwoc tng dung trong phuc hoi chire nang rong rdi, tuy nhién, phuc hoi chire
nang danh cho ban tay van gdp nhiéu thach thire do sé heong béc tw do I6n va nhiéu chuyén dong
phike tap. Viéc vmg dung cdc cong nghé méi givip toi wu héa kich thuée cia khung xwong robot chuwa
dwoc quan tam ding mike. Trong nghién civu nay, co cau hinh binh hanh don gidan dwoc iing dung
trong thiét ké khung xwong phuc hoi chirc ndng cho ban tay nhwng van dam bdo hiéu qua truyén
déng. Hon nita, thudt todn t6i wu héa két cau dwoc vmg dung dé giam thiéu sé khdu va khép ciia
khung xwong phuc hoi chirc ning cho ban tay. Két qud cho thdy bang viéc lién két dong cdc hinh
binh hanh do, c6 dinh tam quay ma co cdu cé thé tao chuyén dong nam dudi mé phong lai chuyén
déng ciia ban tay chi véi 1 dong co dan déng duy nhdt.

Tir khéa: Phuc héi chire ndng cho ban tay; Khung xwong; Toi wu thiét ké.
ABSTRACT

Robotic systems are increasingly utilized in rehabilitation;, however, hand rehabilitation
remains particularly challenging due to the hand's high number of degrees of freedom and
complex movement patterns. Despite advancements in rehabilitation robotics, optimizing the size
and structure of hand exoskeletons has not received sufficient attention. In this study, a simplified
parallelogram mechanism is incorporated into the design of a hand rehabilitation exoskeleton
to maintain transmission efficiency while reducing structural complexity. Additionally, structural
optimization algorithms are employed to minimize the number of components, particularly joints,
within the exoskeleton. The results demonstrate that by dynamically linking virtual parallelograms
and fixing the center of rotation, the mechanism can replicate natural grasping and extending
motions of the hand using only a single drive servo motor.

Keywords: Hand rehabilitation, Exoskeleton, Structural optimization.
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1. GIOI THIEU

Nhitng bénh nhan dang trong giai doan
phuc hoi sau dot quy hodc tai bién mach méau
ndo thudng gip phai suy giam nghiém trong vé
chirc nang van dong, dac biét la & ban tay [1],
[2]. Hai biéu hién pho bién cua tinh trang suy
giam nay la co cing va yéu co [3]. Bé phuc hoi
chirc ning van dong hiéu qua, can thiét ké cac
thiét bi co tinh linh hoat cao, phu hop véi timg
c4 nhan nham kich thich phan hoi cam giac tir
cac té bao than kinh [4], [5], qua d6 hd tro cac
qué trinh sinh hoc tai tao lai cac duong dan
truyén than kinh [6]. Nhiéu nghién ctru da chi
ra rang cac liéu phap phuc hoi chic ning dua
trén cac bai tap lap di lap lai c6 tac dung thuc
day tinh déo than kinh, tir 46 gitip cai thién tinh
trang co ctng va phuc hdi chtrc ning van dong
cua cac chi, dac biét 1a chuc nang ctua ban tay
[4]. Tuy nhién, do tinh chat lap di lip lai cta
cac bai tAp ndy, qua trinh diéu trj thuong tro
nén don diéu, doi hoi nhiéu cong strc va su kién
nhan tir phia nguoi bénh. Hon nira, do nhu cu
phuc hoi trong giai doan sém, viéc phat trién
céc thiét bi phuc hdi chirc ning c6 thiét ké nho
gon, di dong va phu hop voi diéu kién tri liéu
tai nha 1a hét strc can thiét.

Trong nhitng nim gan day, nhiéu hé
thdng exoskeleton cho ban tay di dugc nghién
ctru va phat trién véi da dang co ché va phuong
phap diéu khién. Hé thong HandMATE, sir
dung co cau lién két diéu khién boi mot bo
truyén dong tuyén tinh, cho phép kich hoat cac
khép chinh ctia ngon tay bao gom khép ban
ngoén tay (MCP), khop gian dot gan (PIP) va
khop gian dt xa (DIP) [7]. Mot thiét ké khac,
hé théng X-Glove, 1a mot exoskeleton diéu
khién bang cap, két hop giita co ché lién két
tuyén tinh va cam bién do Iyc cang nham hd
trg chuyén dong linh hoat ctia cac ngon tay [8].
HEXORR (Hand EXOskeleton Rehabilitation

Robot) 1a mot hé thong exoskeleton sir dung
diéu khién duong bién ngon tay, van hanh boi
dong co khong choi than két hop voi cam bién
mo-men xoan, giup kiém soat chinh xac va an
toan cac vi tri chuyén dong cta ban tay [9].

Tuy nhién, thiét ké mot hé thong
exoskeleton hi€u quéa cho ban tay van 13 mot
thach thirc 16n do phai d6i mat voi nhiéu yéu tb
nhu sb lugng bac tu do 16n, tinh thich tng cao
theo ting bénh nhan, yéu cau diéu chinh linh
hoat va dic biét 1a chuyén dong phirc tap cua
ngon tay cai [10]. Chinh vi vay, viéc kiém soat
chinh xé4c cc goc chuyén dong khép cua timg
ngon tay 1a mot bai toan k¥ thuat khong hé don
gian. Trong nghién ctru cua Duy va cong su,
mdt co cdu khung xuong st dung co cau hinh
binh hanh d3 duoc d& xuit cho tng dung phuc
hoi chiic ning ban tay, tuy nhién thiét ké ban
dau van con nhiéu khau va khép chua dugc toi
wu héa [12]. Do dé, viée tiép tuc nghién ctru t6i
uu hoa thiét ké nham giam thiéu s6 luong khau
va khop trong co cau la can thiét, giup cai thién
tinh linh hoat, d& sir dung va hiéu qua trong
diéu tri cho bénh nhan. Trong nghién ctru nay,
chung t6i dé xuat mot thiét ké khung xwong day
du danh cho phuc hdi chirc ning ban tay, trong
d6 ngon cai va cac ngon tay con lai duoc diéu
khién truc tiép thong qua mot dong co. Thiét
ké khung xuong dugc phat trién duwa trén kich
thudc cong thai hoc cua ban tay nguoi truong
thanh va da duoc t01 uu héa vé mit cau tric
nham giam thiéu s6 luong khau va khép, tir d6
nang cao tinh hi¢u qua va kha nang ung dung
trong thuc té phuc hoi chirc ning.

2. PHUONG PHAP
Trong nghién ctru ndy, thiét ké co hoc

ctia hé thong khung xuwong dugc xiy dung dua
trén hinh dang ban tay ciia nam cong nhan Viét

Nam trong do tudi tir 20 dén 30 [10]. Muc tiéu &~
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cua thiét ké 1a tao ra mot cAu truc exoskeleton
phit hop cho thiét bi robot h tro thuc hién cac
bai tap tri liéu, tir d6 thic ddy qua trinh phuc
hoi chirc nidng ngédn tay mot cach nhanh chong
va hiéu qua [12]. Trong nghién ctru nay chi
dimg lai ¢ viéc phuc hdi cic chuyén dong cua
cac ngdn tay trén ban tay nguoi, khong bao
gdm phuc hdi chuyén dong cta ca ban tay. M6
hinh cac khép ngon tay c6 thé duge thu gon
nhu Hinh 1. Mdi khép ngén tay 1a 1 DOF véi
su ubn cong/ m¢ rong doc 1ap cua ba dbt ngon
tay nén tong s bac ty do & day la 14 DOF.

My gt

Higda trd

e

—_ P )

Hinh 1. M6 hinh dong hoc ban tay thu gon

M&i d6t ngoén tay s& chuyén dong voi 1
béc tu do 1a khép ban 18, ta c6 thé khao sat dong
hoc ctia mot ngén tay bat ky bang mot vector co
ba tham so:

[eDl 6IP eMC)]T

Vi, 0, 1a goc quay cua khop dinh DIP,
0, 1a goc quay cua khop gitta PIP va 0, 1a goc
quay cua khép ban MCP. Khac voi khép quay
ctia robot cong nghiép o thé co gia tri rat 16n,
cac goc quay cua ban tay robot bi gidi1 han bdi
day ching. V&i mot ban tay ngudi binh thuong,

gia tri cua cac géc quay nay dugc cho trong
Bang 1 [10]:

Bdng 1. Pham vi chuyén dong khép ngon tay

6c quay max
, ODI 9IP 0MC
Ngon

Ngon cai - 0°+50° | 0°+90°
Ngoén tro 0°+60° | 0°+100° | 0°=+90°
Ngon gitta | 0°+ 60° | 0°+ 100° | 0° +90°
0
0

°+60° | 0°+100° | 0°+90°
°+60° | 0°+100° | 0°+90°

Ngon ap ut

Ngon ut

Hé théng khung xuong dugc thiét ké
dua theo nguyén ly hinh binh hanh, trong d6
lién két truyén dong khép DIP, PIP, MCP. bé
mé phéng chuyén dong nam cua ngdn tay voi
cac goc quay (thong so goc dua trén do dac thuc
té da lam tron) nhu Hinh 2, voi: goc DIP = 15°,
goc PIP ~ 35°, va goc MCP ~ 45°. Ta thay, dé 3
khép dat duoc gbc d6 mong mudn thi thanh BC
phai quay 1 goc 15°, thanh MN phai quay 1 goc
~50°, thanh PQ phal quay 1 géc ~95°. Vi goc
quay nay thi co cu hién tai chua thé dap tng
va can phai thay d6i kich thudc cling nhu vi tri
cac khdp quay.
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Hinh 2. Lién két dong khép DIP, PIP, MCP
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Vi khung xuong thiét ké nham phyc
vu dé giup phuc hoi ban tay cho ngudi bénh,
nén goc do s& thay doi lién tuc trong qué trinh
hoat dong. Va viéc cAm nam vt co duong kinh
30mm thi goc do giita cac dbt ngdn tay ciia mdi
ngudi s& khac nhau vi chiéu dai dot tay khac
nhau, nhung né s& nam trong khoang sai sd
0-2° so v6i két qua trén. Két cdu khung xuong
can duoc don gian hoa va toi vu hoa vé két cau
nhu Hinh 3.

| 55

Hinh 3. Két cau khung xwong ngon tré don gidan
héa tir co cau hinh binh hanh.

Dé t6i wu hoa két cau ctia khung xuong
cac kich thude nhu khoang t, ban kinh r, khoang
x, kich thuéc kich thudce y, kich thudc m, va
kich thudc n can théa man cac ham tong goc:

BKC =C, + C, +C3+ C,=1800° (1)

Trong d6, cac goc C;,C,,Cs va Cy
duoc xac dinh nhu sau:

—  x2? 4 DC®-Dk?
Cos C4 =% bc :

3

——~ y* 4+ DC2-552
Cos G, =y = ;
2.y.DC
—~  y®+ca?-38277
Cos C3=F ;
2.y.CA
- m? 4+ CA%—n?
CosCp=—"—"—"
2.m.CA

Cac khoang kich thuéc duoc tham sb
bién ddi v6i khoang t tir 18,25 dén 22 mm, ban
kinh r tir 32 dén 47 mm, khoang x tir 30 toi
45mm, kich thudc y tir 28 dén 43 mm, kich
thude m tir 40 dén 55 mm, va kich thudc n tir
36 dén 51 mm nhap vao thuat toan tdi wu da
muc tiéu (theo so d6 trong Hinh 4) sao cho céac
khoang kich 1a nh6 nhét théa man ham tong cac
gdc theo cac phuong trinh 1.

Tinh céc géc €1, €2, €3, C4
Tinh tlng clc gic
Ho

Yes No

Hinh 4. So dé thudt todn tinh toan t6i wu héa kich
thuoc khung xuong.
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3. KET QUA VA THAO LUAN

Trong Hinh 5 cho thay bo thong s kich thudc tinh toan theo so d6 thuat toan tdi wu.

Bi#u dd thé hién sy thay d&i kich thurée céc thanh cha ngén trd

Hinh 5. Biéu d6 thé hién su thay doi kich thude cdc thanh

Hinh 5 cho thay khi cac an t, r, x chua thay d6i budc tién, khi ma dai lugng y ting Ién, thi
hai dai lwong m va n ludn cing ting, hodc cung giam. Véi ban tay thiét ké nhu trén, néu dai luong
y va n ting 1én thi ban tay s& tré nén cong kénh hon. Bdi vay nhiing 1y do nay diy kich thudc dau
tién cho ngoén tré sé duoc chon véi cac thong sb cho trong Bang 2.

Bdng 2. Kich thudc ngon tré sau toi uu theo thudt todn.

Khodng t Ban kinh r Khodng x

Kich thwéc y | Kich thwée m | Kich thuée n

18 mm 32 mm 30 mm

33 mm 54 mm 37 mm

Dua trén nguyén 1y co cau hinh binh
hanh tim quay c6 dinh dugc t6i wu hoa két cau
khi hé thdng truyén dong tir 11 khau — 13 khép
giam xudng con 8 khiu — 9 khép. Luc truyén
dong dén toan bod ngbdn tay duoc ting 1én va
thay d6i déu khi co chuyén dong cam nam, tir
d6 giup co cdu hoat dong 6n dinh hon. Tbi vu
hoa két cau khau khép lam giam cac khau trung
gian gitp luc duoc truyén dén ngon tay it khau
hon, gidm hién tugng trung lap bac tu do. HE
théng khung xuong ngoai méi tinh gon hon

vé két cau nhung van dam bao bién do chuyén
dong cia ngdn tay theo muc ti€u dé ra (cam
nam 1 qua cau 30mm).

4. KET LUAN

Nghién ctru nay trinh bay mot phuong
phap thiét ké khung xuong phuc hdi chirc ning
cho ban tay dya trén théng s nhan tric hoc cua
ngudi Viét Nam. Khung xuong dugc thiét ké
dua trén nguyén 1y hinh binh hanh tam quay
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c¢b dinh. Bang phuong phap t6i uu hoa kich
thudc ¢ rang budc da thiét ké co cau khung
xuong ngoal phuc hdi chirc ning cho ban tay
v6i giam thiéu so khau khop va leh thudce cua
cac khau trén mdi ngon tay. Co ciu dam bao
chuyén dong nam dudi ciia ca 5 ngdn tay nhung
dugc diéu khién chi véi 1 bac tw do nén c6 thé
phat trién v6i nhidu phuong thirc truyén dong
khac nhau. Bang viéc lién két dong cac hinh
binh hanh 4o, ¢d dinh tdm quay ma co ciu co
thé tao chuyén dong ndm dudi mo phong lai
chuyén dong ciia ban tay chi voi 1 dong co dan
dong duy nhat. <
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