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Tap luyén van dong 1a mot ndi dung quan trong trong diéu tri phuc
hoéi chirc ning cho nguoi bi tai bién. Ung dung robot vao hoat dong
hd trg van dong, tap luyén phuc hoi giap kiém soat chinh xac cac
dong tac, giam thiéu cac sai sot do yéu to chii quan clia con ngudi
dong thoi nang cao chat luong diéu tri phuc hoi. Bai bao trinh bay
nghién ciru thiét ké cau tric dong hoc cho robot tay may phuc vu
luyén tap phuc héi chirc ning tay nguoi dya trén nghién clu giai phau
co sinh hoc tay nguoi, trong d6 cau tric robot cho phép nguoi dung
¢6 thé di chuyén canh tay trong khong gian ty nhién cua tay nguoi,
dong thoi dam bao tay nguoi co thé cham dén céc vi tri ddc biét theo
yéu ciu cla cac bai tap phuc hoi chic nang. Bén canh do, giai phap
giam hién tuong gidtgiup viéc thiét ké quy dao chuyén dong cho
robot ¢6 d6 murgt cao hon, tuong thich voi chuyén dong va cau triic
cla tay nguoi cling dugc trinh bay. Dir liéu thu duge cung vo6i nhiing
phan tich dong hoc 1 co s cho viée thyc hién diéu khién chuyén
dong cua robot.
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The trainning activities play an important role in rehabilitation
therapy for stroke patients. The application of robot in therapy helps
manage the accuracy of arm motion, eliminate the mistake beyond the
people and improve the therapy quality. This paper presents a
research on the designing kinematic architecture of rehabilitation
robot based on the human arm biomechanics. The robot architecture
alows the patent arm moving in the human space as well as following
the therapy exercises. Furthermore, the solution for the minimum jerk
is proposed to produce smoothertrajectory that is compatible with
human arm motions and biomechanics. The reseach results also can
serve as fundamentals for the robot motion control.
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1. TONG QUAN VE ROBOT HO TRQ TAP LUYEN PHUC HOI CHUC NANG TAY

Hoat dong tap luyén van dong la mdt ndi dung quan trong trong diéu tri phuc hdi chirc
ning, cic khao sat cho thy nhu cau phuc hdi chirc ning do cac bénh vé ton thuong than kinh
trung wong; chan thuong xuwong khdp do tai nan giao thong, tai nan lao dong hoac cac hoat dong
thé thao; thoai hoa khdp va tai bién mach méau nio (46t quy ndo) ngay cang ting cao [1].

Céc hoat dong tap luyén trude ddy chi yéu dua vao k§y thuat vién, nhirng nhin vién phuc
hdi chirc ning da duoc dao tao va cong tac tai Khoa vat 1y tri lidu va phuc hdi chirc ning trong
cac bénh vién. Do d6 két qua va chét luong phuc hoi khéng on dinh va dong déu, dong thoi ciing
phu thudc nhiéu vao kién thirc, k¥ niang, kinh nghiém va ca tinh trang stic khoe cua nguoi ky
thuat vién cling nhu sy hop tac cua nguoi bénh [2].Viée sir dung robot vao hoat dong ho trg van
dong, tap luyén phuc hdi giup kiém soat chinh xéc cac dong tac, giam thiéu cac sai sot do yéu td
chii quan ctia con ngudi dong thdi nang cao chét lwong diéu tri phuc hoi.

Pén nay, da co nhiéu cong trinh khoa hoc nghién ctru vé robot hd trg tap luyén phuc hoi
chirc ndng dugc cong b6, cac nghién ciru tap trung nghién ctru giai phap két cau co khi nham tao
ra chuyén dong linh hoat, twong ty nhu thao tac ciia tay nguoi [3]. Bén canh do, nhiéu nghién
clru tip trung vao cac giai phap do ludng va diéu khién nhim nang cao chit Iugng cho cac bai
tap, ddm bdo do chinh xac, an toan [4]. Trong nhiing nghién clru gan day, cac tac gid ung dung
cong nghé thyc tai 40 nham tao su da dang, hap din cho céac bai tap dudi dang céc tro choi, giam
sw nham chan khi tap luyén va nang cao hiéu qua luyén tap cho nguoi bénh [5].

Mot trong nhitng yéu td quan trong nhét cua bai toan didu khién robot tay may la dat dugc
d6 chinh xdc vi tri, tuy nhién v6i robot ho tro tap luyén phuc hdi chire ning, dang dudng dic tinh
van toc dong vai tro quan trong, giup robot chuyen dong khong bi hién tuong giat, dac biét 1a tai
cac thoi diém khoi dong, dimg hodc dao chidu chuyén dong.

Bai bao trinh bay nghién ctru xdy dung mé hinh dong hoc thuan cho robot 4 béc tu do
nhdm dap tng dic diém chuyén dong cua tay nguoi theo phuong phap Denavit-Hartenberg. Bén
canh d6, nghién ctru ciing cho thiy quy dao chuyén dong duoc thiét ké voi da thirc bac nim cho
d0 min cao hon cua da thirc bac ba.

2. MO HINH PONG HQC VA BAI TOAN THIET KE QUY PAO
2.1. CAu tric robot exokeleton 4DOF

Robot hd tro tap luyén phuc hdi chirc ning tay nguoi la mot cau trac co hoc c6 cac khop
tu:(mg ung vdi canh tay con ngudi. Robot dugc str dung bﬁng cach deo canh tay ngoai, lyc co hoc
c6 thé truyén dén canh tay con nguoi thong qua tiép xuc vat 1. Giai phau sinh hoc tay nguoi
dugc cau tao boi h¢ xuong, cdc co, cac day than kinh, da va mot sb thanh phan khéac. Trong do
c6 thé coi cau tao chu yéu boi khép vai, khdp khuyu tay va khép cd tay (ngodi ra con cb cac
khop ban tay). Khop vai nguoi duge cot la khop phue tap nhét trong hé xwong ngudi, co thé md
ta nhu mot co' cau ba khop: 6 khop canh tay, khdp e don va khép dinh xwong don. Ba khop nay
cho phép tay ngudi chuyén dong voi sy linh hoat cao trén pham vi rong. Khuyu tay gom khép
khuyu va cac khop try, tuy nhién cu trac ciia khuyu tay thuong dugc xem nhu gom hai chuyén
dong chinh 13 chuyén dong gap dudi cua canh tay va chuyen dong xoay cua canh tay quanh truc
cta no. Co tay dugc cau tao gom tam xuong va gom nhiéu khdp, tuy nhién c6 tay thuong duoc
xac dinh gdm hai bac ty do. Cac chuyén dong cta cd tay duoc thyc hién quanh mét tam quay tirc
thoi, tuy nhién quy dao cua tdm quay tirc thoi nay nho nén thuc té cac chuyén dong cua co tay
duogc coi nhu quay quanh céc truc co dinh [6].
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Trong nghién ctru bai toan dong hoc va dong luc hoc, cac thong $6 dong hoc, dong luc hoc
ctia ¢d tay c6 thé xac dinh truc tiép tir khdp khuyu tay. Do d6 dé giam thoi gian tinh toan, trong
nghién ciru nay tac gia chi tap trung nghién ctru md hinh robot gom bdn béc tu do, trong d6 khop
vai duoc cdu tao boi ba khép quay va khop khuyu tay gdm mot khop quay. Luoc do dong hoc
cua robot duoc mo ta nhu trén hinh 1.

i | Khép 1

"> Cénh tay

_— Khuyu tay

__ Cotay

Hinh 1. Luoc dd khau cua robot 4DOF Hinh 2. M6 hinh robot va h¢ truc toa o theo D-H

2.2. M6 hinh dong hoc cia robot

Tu lugc dé khau duoc xac dinh trong phan trinh bay trude, thiét ké két céu co khi cho
robot dugc dé xuat nhu Hinh 2, trong d6 hé truc toa d6 ¢6 dinh {Opxpyszo} duoc gan trén gia do
robot, h¢ truc toa do cudi cung {Oyx,y4z4} gin trén khau tac dong cubi 13 vi tri tay nim. Cac
thong $6 dong hoc cuia robot dugc xac dinh nhu trong bang 1.

Bang 1. Thong s6 dong hoc D-H

Khau d; o; a; 0
1 d q: 0 -1/2
2 0 q> 0 /2
3 dg q;3 0 /2
4 0 q4 dp 0

Dang ma tran bién d6i thudn nhat giita hai khau lién tiép (i) va (i-/) theo phuong phap
Denavit-Hartenberg c6 dang [7]:
cosd, —sinf cosa, sinfsina, a,cosb
A sind.  cosf cosa, —cosésina, a,sind,
’ 0 sine, cosa, d,

0 0 0 1

(1)
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Sau khi x4c dinh cac ma tran bién d6i thuan nhat giita hai khau lién tiép tir khau 0 dén khau
4, ta c6 phuong trinh dong hoc mo6 ta moi quan hé gitra vi tri va hudng cia khau tac dong cudi
theo céc bién khép dugce xéac dinh:

n. o, a.  p,
n o a

D) =HH)H:H, = » By (2)
nZ OZ aZ pZ
0 0 0 1

Trong do:
n =cosqsinq,sing, - cosq, (sing,sing;,- cosq,cosq,cosq; );
n,=co0sq, cosq,sing; +€osq,cosq;sing, +sing,sing,sing,;
n,=cos {,sinq, -c0sq,c0sq,sing, ;
0,=sinq, (sing,sing,-cosq,cosq,cosq;, ) +cosq, cos, sing,
0,=c0s(, sinq, sing, -sinq, (cosqlsinq3 +c0s(,C0s(,sing, )
0,=C€08(], C0Sq,+ €08(,Sing,sing,
a,=cos(q, sinq, + €osq,cosq,sing,
a,=c0s(, sing;sing; -cosq,cosd;
a,=-sinq, sinq,
p,=d,cosqsing, - d,cosq, (sing,sing; - cosq,cosq,cosq; ) +dcosq,sing,sing,
p,=d,sinq;sinq,+dcosq, (cosq,sing, + cosq,cosq;sing, )+d,sinq,sing,sing,

p.=dg +d,cosq,+d,cosq,sinq,-d ,cosq,cosq,sing,

2.3. T6i wu quy dao chuyén dong

Noi dung ctia chuyén dé thiét ké quy dao cho robot la tir cac yéu ciu cong nghé cua bai toan,
can xac dinh vi tri va huéng cua khau tac dong cudi tai mot s6 thoi diém khac nhau trong khong
gian thao tac. Tir 6 nhim xac dinh cac quy luét chuyen dong cua khau tac dong cudi. Muc tiéu

ctia bai toan thiét ké quy dao 14 tao ra bd tham sb dau vao cho hé théng diéu khién chuyén dong dé
dam bao robot thyc hién theo quy dao mong mudn. Bén canh d6, viée xac dinh duoc quy dao
chuyén dong cho robot thoa mén céc tiéu chuan nhu tdi uu khoang cach, tdi uu vé thoi gian, t6i vu
nang luong chuyen dong, tranh vat can cung duoc nhiéu nha khoa hoc quan tim [8]. Céac ky thuat
t6i wu c6 thé dwoc thyc hién trong khong gian thao tac hodc khong gian khop bang cach ap dung
cac phuong phap t6i uru hoa kinh dién hodc két hop véi cac thuat toan di truyen

Bai toan diéu khién vi tri ctia robot tay may thuong tap trung vao viée dat duoc do chinh
xac diém dich hodc vén toc chuyén dong khong doi. Tuy nhién trong bai toan diéu khién vi tri
ctia robot hd trg tap luyén phuc hdi chirc ning tay nguoi, dang duong dac tinh cia van toc
chuyén dong dong vai tro quan trong, dam bao robot chuyén dong theo mot quy dao tron (khong
xdy ra hién tuong giat) va dén vi tri mong mudn trong khoang thoi gian xac dinh. DO giat (J)
duogc xac dinh bang vi phan bac ba ctia quing dudng x(?) theo thoi gian [9] (vi phan bac nhat cua
gia tdc):
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d’x(t) 3)
dr
DPé dat duoc quy dao tron, can xéac dinh cuc tiéu hoa ham chi phi cua J. Do d6 quy dao voi
hién tugng giat it nhat khi khau tac dong cudi chuyén dong tir diem dau dén di€m cuoi dugc xac
dinh bd1i cuc tieu hoa tich phan ciia ham /(x) theo thoi gian:

J=x(t)=

I(x)= % [ ey (4)

Pé xac dinh cyc tiéu hoa cta I(x), ta dinh nghia mot ham A(e,¢) cua quy dao x(z), trong d6 o
la mot ham bat ki:

h(e,t) = x(£) + 5(f) (5)
Trong d6 diéu kién ban dau dugc xac dinh: &, =5, =0; &,=5, =0; 5, =5, =0

Xét ham:

1 b )
Fe)=> [ yar (6)
Diéu kién cua quy dao x(?) dé I(x) dat cuc tiéu 1a: 9F (&) -0 (7)
d&‘ e=0
Do dé: m:r(xﬁgé;)é;dt hay 42 (£) =[x, ,dr ®)
dg 0 &=0 0

Thuyec hién 1an lugt cac phép bién ddi tich phan timg phan ta co:

T o e T (4] %
[ x0,di==[ 95t
T s @ 5 o 7 g
[ S de =250+ [ x5, de
0 0

(T8 i = [ 9 S
0 0

Tosts a0 (7 16l
[ Ve =—[ 6 di 9)
Do d6, dé thoa man diéu kién (7) thi:
[ 95,dr =0 (10)
Dé diéu kién nay thda man v6i moi ham khi t€[0,t] tacod x1 =0 (11)

Tir biéu thic (11) ta thiy dé hién tuong giat trén toan quy dao chuyén dong 1a nho nhat thi
vi phén bac sdu cua ham quy dao theo thoi gian phai bang khéng. Do do, quy dao chuyén dong
can c6 dang da thuc bac 5 theo thoi gian:



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

x(t)=a,+at+a,r’ +at’ +a,t* +ap’
X(t)=a,+2ayt+3a,t” +4a,r’ +5a,’ (12)
¥(1)=2a, + 6a;t +12a,t* + 20a,’

Gia sir tai thoi diém ban dau va két thuc chuyén dong, cac thong s6 dong hoc vi tri, van tdc
1

va gia toc da biét. Néu robot & trang thai dirng yén ta co: a, = X,5a, = X,va a, =—X,
Khi robot chuyén dong dén vi tri cudi, ing vé&i thoi diém ¢ = T 'ta co:
x, =a,+aTl+a,T* +aT +a,T" +aT’
X, =a,+2a,T +3a,T* +4a,T" +5a,T* (13)
X, =2a, +6a,T +12a,T* +20a,T"
Biéu dién hé phuong trinh (13) dudi dang ma tran ta c6:

x,— a,—aT— a,T” " 1 T lq

X; — a, — 2a,T |=|3T* 4T* 5T° || q, (14)
K — 2a, 6T 12T* 20T || a,

— -1

a, r 1 T x,— a,—aT- aT°
a, |=|31* 41 57° | |%—- a-  2a,T (15)
| a; 6T 12T 20T° ¥, —~ 2a,

Thay cac gia tri a; vao phuong trinh (13) ta c¢6 thé xac dinh quy dao chuyén dong cua robot
thoa man dieu kién hién tuong giat nhod nhat.

3. KET QUA VA THAO LUAN
3.1. Quy dao chuyén dong dang diém - diém

't )

0" +90°

Hinh 3. Dong tic mo tay cua khop vai 90° [6].

Dé danh gi4 ciu triic dong hoc va kiém chirng thuét toan giam hién twong giat khi chuyén
dong ciia robot, bai bao phén tich chuyén dong cta khép ¢ 1(?) khi thye hién dong tac mo tay mot
goc tir 0° dén 90° trong thoi gian 6s, twong thich v&i van toc chuyén dong cia tay ngudi (Hinh
3). Nghién ctru dugc thuc hién véi quy dao chuyén dong 1a da thirc bac 3 va da thirc bac 5, trong
do6 gia téc goc tai vi tri xuat phat va vi tri két thuc bang ciia quy dao da thirc bac 5 bang 1/3 do
16m ctia gia toc cua da thire bac 3.
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Két qua tinh toan goc quay, van tdc goc va gia toc goc duoc biéu dién trén hinh 4. C6 thé
thdy vén tdc goc 16n nhat cua quy dao dang da thirc bac 5 1a 26, 25%s 16n hon gi4 trj 16n nhit theo
da thirc bac 3 bang 22,5"s tai thoi diém 3s. Bén canh dé, két qua tinh toan cho thdy quy dao
chuyén dong dang da thirc bac 5 cho phép diéu khién giam gia tdc tai cac diém ding (diém bat
dau va diém két thic), do d6 giam hién twong giat khi chuyén dong cua tay may.

(s} w
()
(7s%) ,

Thx zian (s)
Hinh 4. Quy dao chuyén dong cua goc ¢,(f) theo da thic bac 3 va bac 5
3.2. Quy dao chuyén dong dang diém - diém di qua cac diém chot
(D's) iodir

(¥s%)
(D.S:> wl

= = =Van loc goc bac 5 w1}
| = = = Gia boc goc bac 5 a5(1)

Thai gian (s}-

Hinh 5. Quy dao chuyén dong cua goc ¢,(f) theo da thic bac 3 va bac 5 qua cac diém chdt
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Trong bai toan diéu khién robot tay may noi chung ciing nhu diéu khién robot hd tro tap
luyén phuc h01 chirc nang cho tay ngudi, ngoai viéc diéu khién robot chuyen dong tur dlem dau
dén diém cudi thi robot can chuyén dong qua cac diém chdt (diém chuyen tiép) voi van toc khac
khong dé thyc hién cac nhiém vu cong ngh¢ cling nhu thye hién cac chuyén dong phtrc tap.

Nghién ctru tlep tuc dugc thuc hién voi thao tac chuyen dong nhu phan 3.1 tuy nhién tay
may can phai chuyén dong qua hai diém chdt tai goc quay 30° va 60°. Tir két qua tinh toan trén
hinh 5 ta théy, khi sir dung quy dao dang da thirc bac 3, duong déc tinh van toc bi gy tai cac
diém chét va gia tdc tai diém chdt xuat hién budc nhay, trong khi déc khi van toc va gia toc clia
duong quy dao bac 5 déu la cac duong lién tyc. Bén canh do, gia toc cta quy dao dang da thuc
bac 3 tai cac diém dau, cudi va diém chdt ludn 16n hon gia tri gia toc khi quy dao co dang da
thirc bac 5, do d6 quy dao chuyén dong cua robot s& tron hon.

4. KET LUAN

Str dung robot hd trg van dong, tap luyén phuc hoi chirc ning tay nguoi giup kiém soat
chinh xac cac dong tac dong thoi nang cao chit lugng diéu tri phuc hdi. Trong thiét ké robot hd
trg tap luyén tay ngudi, bai toan thiét ké robot co cu trac phu hop dé thuc hién duge cac chuyén
dong tuong tu cta tay ngudi 13 vin dé duoc nhiéu nha khoa hoc quan tim. Bén canh do6, bai toan
thiét k& quy dao robot ngoai yéu cau viéc diéu khién robot thyc hién cac thao tic co ban cia tay
ngudi dong thoi giam hién tuong gidt dé tao sy thoai mai cho ngudi bénh. Bai béo trinh bay
phuong phép thiét 1ap mé hinh dong hoc cho robot 4 béc tu do theo quy tic Denavit-Hartenberg
va nhig co so ly thuyét trong viéc lwa chon dang quy dao chuyén dong dé hién tuong gidt nho
nhét. Két qua nghién ctru cho thiy, quy dao dang da thirc bdc 5 mac du c6 van toc chuyen dong
16n hon nhung duong c6 déc tinh vén te la cac duong cong tron, ngay cac khi chuyén dong qua
cac diém chdt khong dimg. Bén canh do6, gia tdc tai cac diém chdt khong xdy ra hién tuong nhay
nhu trong quy dao bic 3 va quy dao dang bac 5 cho phép diéu khién gia tdc tai cac diém ding,
day 1a co so dé glam hién tuong gidt, nang cao chat luong bai toan diéu khién chuyén dong cho
robot, dong thoi cai thién chét luong tap luyén phuc hdi cho ngudi bénh.

LOI CAM ON

Nhom tac gid cam on su hd trg ciia Trudong Pai hoc Cong nghiép Ha Noi trong nghién ciru.
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g:. Cac blen khép (d9);
a;; Hang sb ctia phuong trinh chuyén dong.
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