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TOM TAT

Nghién ciru nay trinh bay thiét ké chi tiét ciia thiét bi phuc hoi chirc nang chu dong cho
khép goi. Thiét bi cé gdn dong co, cam bién mé-men va cdc cam bién do chuyen dong cho phép
hoat dong trong ca 2 ché dé: thu dong va chu dong. O ché ds thu dong, thiét bi van hanh theo
mot quy dao duoc thzét lap san, dong thoi cung cdp 6 liéu do chuyén dong khop va mo-men
twong tac voi khop goi. O ché d chii dong, mé-men twong tdc dwgc diéu khién, cho phép thiét
bi cung cdp lwc cdn trd, hodc hé tro tai nhitng thoi diém can thiét trong qud trinh chuyén déng
ciia khép. Thiét ké sir dung chuyén déng ciia 3 khép xoay va 3 khép tinh tién tao thanh 6 bdc tw
do chuyén dong trong khéng gian, gitip thiét bi khéng tao ra bdt ky han ché co hoc ndo cho
nguoi sw dung khi van hanh.

Tir khéa: Phuc hoi chirc ndang khop goi; Thiét bi by xwong ngodi cho chi dwdi; Co cdu dang
tinh cho khop sinh hoc, Pong hoc khop goi; Piéu khién mo-men tuong tdc.

ABSTRACT

This paper describes the design of a knee joint active exoskeleton. The device has one
motorized degree of freedom to create motions at the knee level of the user. It is also equipped
with a torque sensor and a set of optical encoders (position sensors) which allow the system
to operate both in passive and active modes. In passive mode, the device provides motions
according to a preprogrammed trajectory, meanwhile providing measuring data of the knee
kinematics as well as of the interaction torque that is transmitted from the device to the knee.
In active mode, the interaction torque is controlled in closed-loop, allowing the system to
provide resistive or assistive torques to the knee during its motions. The design comprises the
use of 3 prismatic and 3 rotative mechanical joints that together form 6 degrees of freedom
serial kinematic chain, eliminating then all residual force/torque components which may
constraint the natural motion of the user’s knee.

Keywords: Knee functional rehabilitation; Lower limb exoskeleton, Isotatic mechanisms for
anatomical joints; Knee joint kinematics, Interaction torque control.

1 GIGI THIEU Vjéc (zénh gié nay tu lau ’duqco thl;rc hién chu

) . yéu bang cic phuong phap thu cong. Nhuogc

Trong qué trinh phyc hoéi chirc ndng  diém 16n clia cac phuong phép nay l1a do tin

khép goi, ky thudt vién can xac dinh chinh  cay thdp do phu thudc vao cam giac phan

xac nhimg thay doi v€ kha nang vén dong  doan cua tung k¥ thuat vién hodc chuyén gia,
cla khop nham danh gid két qud dicu tri. ma cam gidc nay thay ddi theo timg ngudi.
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Viéc thu thap dir liéu chinh xac chuyén
dong sinh hoc cua khép co y nghia quan
trong trong viéc nang cao chuin hoa chan
doéan va diéu tri. Trong linh vuc co sinh hoc,
rat nhiéu nhom nghién ctru da tién hanh thyc
nghiém vé van dé nay. Nam 2000, Wilson va
cac cong sy da thuc hién nghién ciru mic van
dong cuia khép gbi bang cach ¢ dinh xuong
chay trén mot bé mat lam viée, sau do gép
mé xuwong dui dé tao chuyén dong. Bang
phuong phép thu cong nay, nhém nghién cuu
¢6 thé quan sat va ghi nhan chuyén dong cia
khop [1]. Nam 2004, Li va cac cOng su cling
dung tryc tiép xuong chay va xuong dui dé
do chuyen dong v€ goc gilra hai xuong va
tim hiéu vé& mbi lién quan giita viéc chiu tai
cua bé co [2]. Nam 2016, Ricardo cung
nhom nghién ctru di thi nghiém tryc tiép trén
xuwong chay va xuong dui, st dung cong
nghé xir 1y anh d&& mé phong hinh anh duéi
dang 3D va dong thoi cung cép dir lidu vé
truc quay tirc thoi cua khép gdi [3].

Cac phuong phap phuc hoi chirc nang h¢
co xuong khop phd bién hién tai c6 thé dugc
tién hanh theo 2 cach: su dung cac bai tap thu
cong coO su tlep xuc truc t1ep clla nguoi ky
thuat vién, hodc sir dung thiét bi may moc hd
trg. Nam 2008, Thompson céi tién may tap

thu dong (CPM - continuous passive motion),

mot thiét bi st dung mot dong co hd trg cho
hoat dong gip md ciia khép gbi. Tuy nhién,
may tap thu dong nay chi co 1 bac tu do gap
mo khién cho cang chan hodc phan dui sé
khong duogc thodi mai, dong thoi thiét bi
khong ¢ chirc nang bao vé khi ¢6 su ¢b ciing

nhu khong cé chtrc nang tap luc chu dong [4].

Nam 2011, Cai. va dong su xay dung thiét bi
bd xuong ngoai cho khop goi vdi 6 béac tu do,
gom 5 chuyen dong xoay va 1 chuyen dong
tinh tién. Thiét bi st dung bo truyén dong ma
st truot cho phép bao vé khép sinh hoc bang
cach diéu chinh ngudng trugt ciia banh ma
sat. Viéc thém vao céc bac tu do thu dong
trong co cdu giup loai bo cac thanh phéan luc
& mo-men rang budc, sinh ra tir sy I¢ch truc
gitra truc dong co va truc sinh hoc, cho phép
ngudi st dung co duge cam giac di chuyén
mot cach linh hoat, tu nhién hon [5].

C6 rat nhiéu nghién ciru vé thiét bi hd tro
phuc hdi khép gbi. Hau hét tap trung vao bac
tw do chuyén dong chinh cua khop gbi
(gAp/md) va bo qua cac bac tu do khac, ciing
nhu it khi cung cip 1 dir liéu do day du vé
chuyen dong sinh hoc cua khdép trong 3D,
didu giup qua trinh chan doan tré nén chinh
xac hon. Trong bai b4do nay, chung t61 mo ta
thiét k& 1 thiét bi phuc hoéi chic nang chu
dong cho khép gbi véi 1 bac ty do cha dong
(gip/md). Ciing gidng nhu thiét bi dugc gidi
thiéu trong [5], phién ban méi ndy co tong
cong 6 bac tu do, nhung voi thiét ké tdi wu
hon. Thiét ké méi gdm 3 bac ty do quay va 3
bac tu do trugt, cho phép phan biét cac bac tu
do quay va truot cua khép sinh hoc, d@)ng thoti
t6i wu hoa chi s6 diéu hoa cia co cdu [6].
Ngoai ra, pham vi van dong ctuia khop géi co
thé dugc xac dinh nhd vao 6 cam bién do
chuyén dong (encoder) dit tai 6 khop cia thiét
bi. Tai khép dau tién (gip/md), cam bién
mo-men duoc lép dat cho phép do luc van
dong cta chan, dong thoi cho phép xac dinh
gi6i han lyc ctia khop gbi ciia ngudi sir dung.

2. THIET KE CO KHi

Thiét bi dugc thiét ké véi sau bac tu do
trong khong gian, bao gém 3 chuyén dong
xoay va 3 chuyén dong tinh tién, phu hop
v61 do linh hoat ctia khép sinh hoc vi trong
khong gian, mdgt vat ran duoc goi la tu do khi
6 bac tu do chuyén dong khong bi han ché .

Hinh 1. Thiét ké 3D ciia thiét bi

Thiét ké 3D cua thiét bi dwoc md ta &
Hinh 1. Thiét bj duoc két ndi v6i dui va cang
chan bang 2 miéng 6p composite. Thiét ké
nay cho phép dui chuyén dong linh hoat.
Cam bién mo-men dé do lyc va sau cam bién
do goc (encoder) dugc dat & 6 khdp co hoc



Tap Chi Khoa Hoc Gi4o Duc Ky Thugt Sé 58 (06/2020) 3
Truong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

dé do chuyén dong tai nhitng vi tri nay (Hinh
2). Dit lidu tir cic encoder va cam bién
mé-men duoc truyén vé may tinh dé xu 1y
tinh toan.

Hinh 2. Cdch bé tri cam bién trén thiét bi

Cam bién do goc (encoder) duoc bb tri &
6 vi tri trén thiét bi 14 loai encoder 1024 xung,
trong d6 3 encoder dung dé do chuyén dong
xoay, 3 encoder dung do chuyen dong tinh
tién. Thiét bi sir dung co cu tmyen dong dai
dé bién chuyén dong tinh tién thanh chuyén
dong xoay. Str dung encoder, ta dé dang doc
duoc gia tri goc quay, tr d6 suy ra vi tri
chuyén dong cua khép tinh tién nhu hinh 3.
Déy dai GT2
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Thanh trugt: Con trugt

Kt ndl vdl cng chan
Hinh 3. Cdch gdn encoder tai khép trirot
nham do chuyén dong tinh tién cua khop.

Bing cach sir dung 2 puli ¢ 2 déu cua
khép tinh tién, encoder dugc gin cb dinh vao
1 trong 2 pulley nhu hinh 3 va day dai dugc
két ndi vao con truot. Khi khop chuyén dong
tinh tién 1 doan thi puli ciing xoay duoc mot
s6 luong xung tuong Ung.

Cam bién mo-men ciing duoc lip trén
thiét bi tai khdp 1 vi ddy 1a khop xoay chinh.
Thiét bi cho phép phat hién gi6i han trén va
duéi cua vi tri goc quay chinh ctia khép gbi,
gitip ngudi sir dung ¢ thé chu dong tim duge
gidi han cia khép gdi minh mét cach cha
dong. Pong thoi viéc sir dung gia tri cia
encoder cing v&i cam bién mo-men c6 thé

giup ich cho viéc chan doan va v& phac do
hoi phuc khdp goi cua nguoi stir dung.

3. MO HINH PONG HQC

So db dong hoc cua thiét bi do khop gbi
bao gém 3 khép xoay va 3 khdp tinh tién tao
thanh maot thiét bi do 6 bac tu do trong khong
gian. Véi viée st dung cac khdp tinh tién c6
truc vudong goc véi nhau tirng déi mot va s
dung khép céc-dan véi 2 truc quay vudng
gdc va giao nhau cho cac géc quay 3 va 4 [7],
dd cung viing cua thiét bi duge dam béao va
qua trinh tinh todn bai toan dong hoc ciing
tr& nén don gian hon. Thiét bi dong thoi ciing
cho phép hiéu chinh kich thudc theo d§ dai
chi duéi ctia nhiéu ngudi str dung khac nhau.

{8y,

Sy
Hinh 4. Hé truc toa dé cua thiét bi

Hinh 4 thé hién so d dong hoc dugc xay
dung cho thiét bi, theo nguyén tac dat thong
s Denavit-Hartenberg bién doi (Modified
D.H. Notation) [8]. Cac thong s6 D.H. cua
thiét bj duoc liét ké trong bang 1 bén dudi.

Bdng 1. Bdng thong sé D.H bién doi

a ai di 0
Joint 1 0 0 0 01
Joint 2 0 /2 r2 -1t/2
Joint 3 0 -1/2 0 03
Joint 4 0 /2 0 04
Joint 5 0 -1/2 rs -1t/2
Joint 6 0 -1/2 6 0
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Phuong trinh (1) biéu din ma tran
chuyén doi D-H (Modified
Denavit-Hartenberg), thé hién mdi tuong
quan gitra khop thuri-1 va i

c -S4 0 a,
| CaSO, CaCO -So; —d;Se (1)
" Sa S SaCl  Ca;  dCa
0 0 0 1

Céc ma tran bién d6i dong nhit giita cac
hé truc toa do lién ké nhau trén co ciu duge
viét theo cong thic (1). O day, ma tran Jacobi
duoc nhém tac gid chon viét tai diém P trong
hé truc toa do R3(x3, y3, z3). Cac ma tran
bién d6i dong nhat gitra (R3) va (RO) ciing
nhu giita (R3) va (R6) duoc viét nhu sau:

-S6S60, -S6CH, CO, 1,50,
o _| Cose  coce, so -rCo|
1 —co, S0, 0 0o |
0 0 0 1
0 S, CO, rCo,-rSo,
-1 0 0 0
=0 _co so rse-rce, | @
4 4 6P Yq T IsUy
0 0 0 1
TOGZ[R(;G d](jﬁj:Tos-Tsa

Ngoai phuong phap dao ham timg phan
phuong trinh dong hoc thudn, ma tran Jacobi
con c6 thé dugc thiét 1ap bang cach gop céc
tooc-x0 van téc cia tit ca cac khop cua co
ciu (voi didu kién 1 co cu nbi tiép — khong
¢6 vong kin dong hoc). Quy tic viét duoc thé
hién trong phuong trinh (3) va (4) dudi day:

8, =

s | PO, Az,
0

$i/Rj ={Zij

v6i khdp quay 3)

Igj

vo1 khép truot 4)

Igi

Cac téoc-xo van toc viét tai diem P cho
moi khop cia co cau dugce xac dinh nhu sau:

g, =| 2
Usy POl/\Zl /

—cq,
56,
0
[.S6,CO, +1.SO,CH, ~1,50,Co, |
r.CO,CO, +.COCH, —r,C0,
1.56,C, +.56,50, +1,5%),
0
0

0 0
5] |0 |

3

5. - Z, B 1 _
Yo (PO,AzZ,) |0 '

Irg

s z, B 0
Y= |\ PO, AZ, ,Ra‘ -r.C6, -r.Co,

~

R3

0 0
5/p, [ZSJ/RS _864

Co,

3
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0
0

0 0
$ = =
6/p, [ZGJIR3 C94

0
S

4/R

3

Theo quy tic tmyen dong, chuyen dong
tai 1 diém P trén co cau la tong chuyén dong
tao ra & mdi khép riéng biét. Do do, ma tran
Jacobi ctia hé théng, viét tai diém P, trong hé
truc toa do (R3), co thé duoc xac dinh bﬁng
cach gop 6 vec-to nay lai voi nhau, tao thanh
1 ma tran 6x6 nhu sau:

J(l)
‘](P)/R3 :[J (P)j

:($1 $2 $3 $4 $5 $6)/R3 (5)

Ma tran 3x6 J_ hop béi 3 dong dau tién
cua ma tran Jacobi dugc goi la ma tran
Jacobi vén toc goc. Ma tran 3x6 J,(P)hop
boi 3 dong cudi cung cua ma trdn Jacobi
dugc goi la ma trédn Jacobi véan toc thang.
Vec-to van toc gdc va van toc thang cua diém
P c6 thé dugc xac dinh bang phuong trinh
dong hoc van toc thuan:

N = ‘](P)/R3 [

Ve IR,

(6)

Trong ndi dung bai bdo nay, nhoém tac
gia chi do chuyén dong quay cua khop gbi.
Dit liéu cta vec-to van tdc goc ® cua hé
théng c6 thé duge st dung cho muc dich nay.
T cac phuong trinh (5) va (6), cong thuc
tinh gia tri clia vec-to nay c6 thé dugc xac
dinh cu thé nhu sau:

_6’13693
Or, = 6§S‘93_6§L 0
&

iR, = Rog O, (7)

IR,

Cac géc quay cua khép gbi (gap/mo,
xoay trong/xoay ngoai, veo trong/veo ngoai)
c¢6 thé duoc xac dinh bang 3 goc v, 6, va ¢,
dinh nghia theo Grood and Suntay (1983) [9].
Céc ma trdn quay cua 3 goc quay nay lan
luot dugc dinh nghia nhu sau:

Cy -Sy O 1 0 0
R,=|Sv Cy O0)R,=/0 CO SO
0 0 1 0 S Cé
Co 0 So¢
Rq): 0 1 01|
-Sp 0 Co

)
Ma tran quay Re dugc tao ra boi 3 goc
quay 6, ¢ va y dugc xac dinh nhu sau:
Re =R, .R,R, =
CyCp—-SySOSp -SyCO CySep+SySOCe
SyCp+CySOSp CwCO SySep-CySHCe
—-COS¢ SO CHCop
)
Béng cach so sanh ma tran quay Ror cua
co cau voi Rg, ta c6 thé xac dinh dugc 3 goc
0,  va y nay:

Ror =Rgs-Rer =Rg (10)
0 day, ma trdn Ref cho phep chuyen hé

quy chiéu tir (Rs) sang hé quy chiéu cta

Grood and Suntay [9], c6 gié tri nhu sau:

0 -1 0
R,=/-1 0 0
0 0 -1

)

Cac goc quay Euler co thé dugc xac dinh

truc tiép tu phuong trinh (9), (10) va (11)
nhu sau:

w =arctan 2(—-R,; (1, 2), Ry, (2,2));
@ =arctan 2(-R,; (3,1),-R,; (3,3));
SO=R,,(3,2); CO=+1-5%0
= @ =arctan 2(S4,C0);

(12)



Tap Chi Khoa Hoc Gi4o Duc Ky Thugt Sé 58 (06/2020)
Truong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

4. KET QUA THUC NGHIEM

Cam bién Mo
Op Composite

Encoder1

DC Motor

Encoder6

Encoder3

Encoder4

Hinh 5. Thiét bi duoc ché tao thuc té

Hinh 5 mo ta thiét bi da dugc ché tao.
Thiét bi dugc gin chat 1én thanh ghé. Trudc
khi sir dung, thiét bi s& duoc ¢b dinh tai vi tri
cho trudc dé dam bao cac thong sbé khdp &
chinh x4c tai vi tri ban dau. Luc nay ta co:

6, = -90° 0, = 0°
r,= Izo ; I; = |5o (13)
0,=0° o=l

Pé thir nghiém hé théng, nhom tic gia
thuc hién 3 thi nghiém:

- TN1: Piéu khién hé thong di chuyén theo
¥ mudn cia nguoi st dung.

- TN2: Diéu khién can trd theo chiéu mo
khop gbi.

- TN3: Diéu khién can tré theo chiéu gap
khop gbi.

Pé thyc hién cac thi nghiém nay, nhém
cai dit bo diéu khién vong kin mé-men tuong
tac cho thiét bi thong qua cam bién mé-men
dugc gin ¢ dau ra cla truc quay thtr 1 cia co
cdu (xem hinh 6). Pay ciing chinh 13 truc
quay dugc diéu khién tryc tiép boi dong co
DC.

Gia tri dat
Md-men
Tuong tic

IBG diéu khién

Mach kluléqh dai Dong cor
PD

cong suat DC

Cam bién
mad-men

Hinh 6. B diéu khién mé-men twrong tdc

Gia tri dat cua bo diéu khién mo-men
tuong tac dugc xac dinh dya theo cong thurc
sau:
M=M;-M, (14)

Vé&i M; 1a mo-men tuong tac mong mudn
diéu khién, M, 13 mo-men sinh ra boi khéi
luong cua cac khau cua co cdu tic dong 1én
tryc quay thir nhat. Két qua thuc nghiém cua
thi nghiém thir 1, tha 2 va the 3 lan luot
duogc trinh bay trong céc hinh 7a, 7b, 7c; 8a,
8b, 8c va 9a, 9b, 9c.

50

Vin toe goc (s)

o 5 10 15 20
Thasi gian (s)

Hinh 7a. TN1: Cac thanh pf,zdn vec-to van
toc goc do trong hé quy chiéu Ro. (1): wxo,
(2): wyo, (3): w-o.

-100
0

5 10 25 30 35

15 20
Thai gian (s)

Hinh 7b. TN1: Cdc goc quay sinh hoc cua
khop goi. (1): Gap — Mo, (2): Veo trong —
Veo ngoai, (3): Xoay trong — Xoay Ngoai..
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-1500
0

15 20 25 30 35
Théi gian (s)

Hinh 7c. TN1: Dit liéu do mé-men twong tdc
do boi cam bien moé-men.
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40l
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20(

Vin tde gbe (s)

—40 s L . L L L . .
0 5 10 15 20 .25 30 35 40 45 50
Thai gian (s)

Hinh 8a. TN2: Cdc thanh plgci‘n vec-to' van
toc goc do trong hé quy chiéu Ry. (1): wxo,
(2): wyo, (3): w=o.

40 T T T T i T
fany AT W
W
ﬂ.,i. f) | | \ I l | | ey W
| | I / L / | r | / | [

\

20F L/

T
A Lﬁ,xf"“-\l
]

{ \ / \ | |

Géc quay (°)

-100

L L L L L L s L
1] 5 10 15 20 30 35 40 45 50

Thbiz;an (s)
Hinh 8b. TN2: Cdc goc quay sinh hoc cua
khop goi. (1): Gap — Mo, (2): Veo trong —
Veo ngoai, (3): Xoay trong — Xoay Ngoai..
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Hinh 8c. TN2: Dir liéu do mo-men twong tac
do boi cam bien mo-men.
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Hinh 9a. TN3: Cdc thanh p}}c”in vec-to van
toc goc do trong hé quy chiéu Ro. (1): wxo,

40

20 —

Gioe quay (%)
L
o
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-100f | | 1

120 1 L I L

T'Ilolj;an (s)
Hinh 9b. TN3: Cdc goc quay sinh hoc cua
khop goi. (1): Gap — Mo, (2): Veo trong —
Veo ngoai, (3): Xoay trong — Xoay Ngoai.
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-5000
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Hinh 9c. TN3: Dt liéu do mé-men twong tdc
do boi cam bién mo-men.

Hinh 7a, 8a, 9a thé hién cac thanh phan
clia vec-to van toc khdp trong hé quy chiéu
(Ro). Huéng cua vec-to nay cling chinh 1a
huéng quay cua truc quay sinh hoc khdp gbi.
Ngoai ra, néu quan sat thém goc quay khop
gbi & cac hinh 7b, 8b, 9b, ta thiy rd minh
ching chuyén dong khép gbi 1a 1 chuyén
dong khong gian voi du 3 thanh phan. Ngoai
chuyén dong gap mo 1a chuyen dong chinh
v6i bién do 16n nhat, 2 chuyén dong con lai
(veo trong/ veo ngoai, xoay trong/xoay
ngoai) cting c6 bién do dang ké, nhét 1a
chuyén dong xoay trong/ xoay ngoai, voi
bién d¢ Ién té1 hon 30° khi khop goi gap mé.

O thi nghiém tht nhét. Gia tri dat cia bo
diéu khién mo-men tuong tic duoc dit ¢
mure 0. Khi nguoi st dung gip mo khop g01
s& sinh ra mo-men tuong tac, bo diéu khién
s€ tao chuyen dong cung chiéu dé dua
mé-men nay vé muc 0. Do do, thiét bi s& di
chuyén theo chuyén dong cang chan cua

ngudi sir dung. Quan sat gid tri cam bién
mo-men & hinh 7c, ta thly mé-men tuong tac
tang vot Ién téi 1N.m khi ngudi st dung ddo
chiéu chuyén dong. Pay 1a mo-men dugc
sinh ra boi lyc quan tinh cua co cdu khi dao
chiéu chuyen dong. Dé triét tiéu mo-men nay,
khién hé¢ thong tré nén “trong suét” hon, nhat
thiét can phai cai dat 1 bd du doan chuyen
dong cua nguoi st dung.

Hinh 8c va 9c cho thdy rd tac dong cua
bd diéu khién moé-men twong tac nhim can
tro/hd tro chuyén dong cia ngudi st dung.
Mo6-men tuong tac s& vot 1én gia trj ti da khi
thiét bi duge 1ap trinh can tr& chuyén dong va
vé gan vai 0 khi thiét bi khong duoc 1ap trinh
can tré chuyén dong.

5. KET LUAN

Bai béo trinh bay thiét ké chi tiét cua
mot thiét bi bd xuong ngoai tmg dung trong
viéc hd tro thuc hién cac bai tap phuc hoi
chirc ning cho khdp goi. Thiét bi gdm 1 co
ciu 6 bac tu do, v6i 3 khép truot va 3 khép
xoay. O mdi khép déu ¢ gén cam bién do vi
tri khép. Dong co dugc gan tai khép quay
thr nhat cua co cAu, cho phép diéu khién gap
mé khép gbi cua nguoi st dung. Cam bién
mo-men dugc lap tai khop quay dau tién,
nham do va diéu khién mo-men tuong tac.
Cac thi nghiém ban dau thyc hién déu cho
két qua hop 1y, tring khép voi dy doan cia
nhom nghién ciru. Trong twong lai gan, ky
thudt nay s€ nhanh chéng dugc nghién clru
dé phat trién thanh nhimng san pham thuong
mai, ap dung hd tro cho cac bai tap phuc hoi
chtrc nang hé co xuong khop.
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