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Tém tit. Nhan thire duoc tim quan trong, nhitng thach thirc vé hoc thuat ciing nhu xu huéng phat trién cua
c4c loai robot xwong khdp ngoai, bai bao trinh bay vé viéc thiét ké va ché tao mot mau robot xuong khép
ngoai hd trg qué trinh vat ly tri liéu cho phan chi trén. Nhiing nghién ctru ban dau vé dic tinh co sinh dbi
vé6i chi khép trén (tur vai den ban tay) cua con nguoi giup cho ching toi 6 nhimg co s¢ dé phan tich dic
diém va xac dinh cac yéu cau thiét ke Duwa vao nhirng yéu cau vé mat cong suat va hd tro luc, Cac phuong
an truyén dong va cac lua chon co ciu duoc dua ra. Tir d6, chung toi phat trién mot nguyén mau cua robot
xuong khép ngoai véi tén goi 1a RAR (Rehabilitation Assistance Robot) véi cac ban vé thiét ké, ché tao va
tién hanh gia cong nguyén mau cua robot. Bé RAR lam viéc va thao tac hd tro ngudi bénh, cac thiét ké diéu
khién va lap trinh cho robot RAR duoc thuc hién dua trén nén tang ché d6 diéu khién thoi gian thuc, kém
theo mot bang diéu khién cac ché do lam viéc cho nguoi st dung. Robot duge danh gia vé hiéu qua tng
dung thdng qua cac bai tap mau vé vat Iy tri liéu trén ngudi khoe manh va mot sé bénh nhan.

Tir khéa: Ki thuat co sinh hoc; Robot mang dugc; Robot xuong khép ngoai; Robot hd tro luc; Vat ly tri
liéu; Tuong tac ngudi-may.

DESIGN AND MANUFACTURING OF A REHABILITATION ASSISTANCE ROBOT

Abstract. Inspired by the difficulties behind specification requirements as well as realizing the applicable
capacity of upper exoskeleton robots, this paper presents the design and development of an upper extremity
limb exoskeleton for human assistance in rehabilitation. The exoskeleton has been designed through the
analysis of human factors engineering, biomechanics, and dynamics properties of the human upper limb.
Based on the requirements of the exoskeleton’s power and the torques of human joints, the solutions of
mechanism, actuator for the robot have been drawn. As a contribution to robotic exoskeletons field, we
present an original prototype of Rehabilitation Assistance Robot (RAR). During development of the RAR,
a basiccally control network has been developed to increase the ability of integration, and ensure real-time
control performance besides a custom-built control panel for users. The robot’s applicable efficience has
been evaluated through several rehabilitation traning tests on both healthy persons and patients as
fundamental criteria in the exoskeleton development.

Keywords: Biomechanics technology; Wearable Robot; Upper limb exoskeleton; Robot for human
augmentation; Rehabilitation; Physical human-machine interaction.

1. PAT VAN DE

Su két hop giira robot va con ngudi trong cac thao tac van dong la mot xu hudng phat trién khoa hoc tat
yéu nham phat huy kha niang hd trg cua robot trong cac céng viéc nang nhoc hay trong nhitng tinh hubng
ma con ngudi gap kho khan, nguy hiém trong di chuyén, thao tac. Trong khi robot du thira huong su phat
trién tién tién cua khoa hoc va cong nghé, ciing khdng thé nao tu ban than thuc hién duoc cac cong viéc
phuc tap cia con ngudi, nhu cac Ki nang van dong hay thao tac tinh vi trong doi Song hang ngay. Nguoc
lai, nang lugng con nguoi la ¢6 gisi han va cac robot co thé bu dép hoic thay thé nguon nang luong nay dé
gia tang suc bén, sy déo dai cho con ngudi trong qua trinh van dong nho vao ngudn dong luc tir bén ngoai
nhu nang lugng dién, khi nén hay thuy lyc. Chinh vi vay, su ra doi cta cac robot mang duoc, véi tén goi la
cac loai robot xwong khdp ngoai (exoskeletal robots- exoskeletons) gitip hién thuc hoa xu hudng trén [1,
2]. Cac robot xwong khép ngoai 14 loai robot dic biét ¢6 thé mang dwoc boi ngudi dung nhdm muc dich gia
tang luc, hd trg chuyén dong trong cac (mg dung quan sy ciing nhu y hoc. Trong s6 d6, cac loai robot xwong
khép ngoai véi chirc nang hd tro van dong dbi véi bénh nhan mang lai Gng dung thiét thuc va hiéu qua
trong qué trinh vat Iy tri liéu noi riéng ciing nhu cong tac phuc hdi chirc ning trong y hoc néi chung. Viéc
trién khai cac bai tap chic ning cho bénh nhan doi hoi nhiéu qui trinh va tién do khac nhau tay thudc vao

© 2021 Trudng Pai hoc Cong nghiép thanh phé HS Chi Minh
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muc do va kha nang phuc hoi ciia bénh nhan trong timg giai doan [3, 4]. Chinh vi vay, viéc phuc vu cho
mot so luong 16n cac bénh nhan doi hoi mot ddi ngii cac y bac si hay cac huéng dan vién tuong tmg. Diéu
nay gan nhu khong thé dap tng, trong khi c6 rat nhiéu bai tap van dong hay thao tac don gian ma ¢ mot
muc d6 nhit dinh, khong can su tro giup truc tiép cua y bac st ma can sy tro gitp cua cac “may hd trg”
trong cac bai tap phuc hoi. Cac robot xwong khép ngoai chinh Ia 1o giai hop Iy cho bai toan nay, khi chung
dong vai tro la mot b "xwong-khop™ dan huéng va thyc hién cac chuyén dong, do d6 co kha niang hd tro
nguoi bénh trong rat nhiéu cac bai tap tri ligu véi nhiéu muc d¢ khac nhau.

Robot xwong khdp ngoai la mét linh vye nghién ciru vé robot mang dugc (wearable robots) ¢6 lich sir phat
trlen hon nam muoi nam trén thé gioi. Trong nhimg nam dau thap ky 60, cac nha khoa hoc tai Hoa Ky da
nd luc nghién citu cac phién ban nguyén mau dau tién mot robot véi tén goi 1a “man-amplifier” c6 kha ning
gia ting sirc manh va d6 bén ning lugng cho canh tay con ngudi nham gitp d& con ngudi thuc hién mot sb
cong viéc nang nhoc mot cach hiéu qua [5, 6]. Bén nhitng ndm cudi cua thap nién 60 va dau nhimg nam
70, dyu an nay dugc mo rong cho toan bo cac chi khap trén va dudi cua con nguoi, duoc su bao trg va phat
trién boi tap doan General Electric cua Hoa Ky, vai tén goi 1a Hardiman (Human Augmentation Research
and Development Investigation) la su két hop gira hai robot xuong khp ngoai cho ca chi trén va chi dudi.
Cung thoi diém phat trién vai Hardiman, mot s6 cac thiét bi hd tro luc ciing dwoc nghién ctiu bai cac nha
nghién ctu tai Nam Tu cii [7, 8], cac thiét bi nay hudng dén hd trg cac bénh nhan hay ngudi tan tat trong
viéc van dong, di lai. Vi két ciu ban dau duoc thiét ké theo dang cac co ciu song song, cac du an nay dat
duoc mot sb thanh cong nhat dinh va mg dudng cho rat nhiéu cac cong trinh nghién ciu tiép theo trong
linh vuc nay.

Tir cac cong trinh nghién ctru trong va ngoai nudc [9, 10, 11, 12], ching ta thiy viéc phat trién cac loai
robot dac biét nay 1a mot nhu cau tat yéu va mot xu thé phat trién trong linh vuc ki thuat robot théng minh
va thiét bi y hoc [13]. Tuy nhién, do dic thu cua loai robot nay la dugc mang boi nguoi sir dung va lam viéc
ddng bo véi cac chi/khdp cia con ngudi, nén nhitng thach thire dic ra khi thiét ké, ché tao va sir dung robot
4 rat I6n. Trudc nhiing thach thirc nay, cing voi mong mudn thuce hién cong trinh khoa hoc mang tinh tng
dung thyc tién cao, bai bao trinh bay nhiing noi dung cét 15i trong viéc nghién ctru, thiét ké, va ché tao
robot dé hd tro qua trinh vét 1y tri liéu cho phan canh tay.

2. PHUONG PHAP NGHIEN CUU
2.1. Co sinh hoc caa h¢ van dong chi trén
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Hinh 1. a. Tém tat cac chuyén dong cé thé xay ra & chi trén khi con ngudi van dong; b. M6 hinh héa hé RAR trén co

thé nguoi
M0 hinh co sinh hoc ciia canh tay nguoi gom c6 xwong chi trén két néi chuyén dong théng qua cac khop.
Mot cach téng thé, canh tay ngudi 1a mot hé co sinh van dong phic tap gém nhidu chuyén dong phdi hop
giita cac khau chinh la cing tay, khay tay va ban tay théng qua lan luot cac khép tuong tng la khop vai,
khop khiy va khép ¢ tay nhu mé ta trong hinh 1a. Xét vé mat dong hoc trong toa do Decart va nhiing
chuyén dong chinh trén chirc ndng ciia canh tay, ¢6 tong cong 7 bac ty do vai cac chuyén dong chinh tai
cac khop: chuyén dong co dudi, dang, va xoay quanh khép vai; chuyen dong co dudi quanh khép khuy;
chuyén dong co dudi, dang va lat up quanh cé tay. Dya vao s liéu thong k& vé momen véan dong tai cac
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khép trén canh tay, trong 7 chuyén dong chinh ¢ trén thi cac chuyén dong co dudi quanh truc z tai cac khép
vai, khép khuay va khop cb tay la cac chuyén dong chinh, méat nhiéu nang luong nhat trong qué trinh van
dong cua canh tay (theo bang 5, phu luc, [14]).

2.2. Thiét ké co khi

a. Phan tich, lya chon phuong 4n thiét ké

Khi dua ra cac phuong an lya chon cau trac truyén dong co khi cho hé RAR, muc tiéu thiét ké 1a dam bao
dugc quy dao chuyén dong cua tay bénh nhan (tim van d6ng) véi két cau nho gon, it can tré trong qua trinh
bénh nhan van dong, trong lugng thap dé dam bao viéc mang vac, treo gon gang, ddng thoi it tiéu thy ning
luong trong qua trinh RAR hoat dong. Trén co s¢ do, Chung t6i d& xuat mot s6 phuong an va so dd dong
dé danh gia, so sanh va lya chon phuong an phu hop nhat cho thiét ké (vi giéi han ciia bai bio nén khong
duoc trinh bay ¢ day).

Thén trén

Khdp khuy tay
Hinh 2. a. So d6 dong cia RAR theo phuong an Iya chon; b.M6 hinh hda két cau chi tiét cua RAR

b. Thiét ké két cau caa Robot

Trén co s¢ phan tich di li¢u co sinh, ddc biét 1a kich thudc, gisi han van dong canh tay nguoi (nhu duoc

tong hop trong bang 1) [14, 15], ta c6 thé mo hinh héa h¢ robot xuong khép ngoai RAR trén co thé nguoi

nhu dugc trinh bay trén hinh 1b. Tir 46, ta ¢6 so d khéi tong quan vé két cau co khi ctia canh tay robot bao

gom 5 cum b0 phan chinh:

e Thén trén la cum dung chiu toan b trong luong cua cac bd phan khéc trén canh tay RAR (bd phan

khung) va dong thoi ding dé lién két RAR véi ngudi sir dung, tao ra sy trong quan vé vi tri @& RAR ¢ thé

hd tro cac chirc nang van dong trén co thé ngu’di

e Vai labo phan chuyén tiép tir than trén dén khép vai, tao ra sy tuong quan vé vi tri cia khau trén voi

bip tay trén co thé ngudi.

e Khau trén 1 bo phan hd trg chice ning cua bap tay trong chuyén dong.

e Khau dum 1a bd phan hd tro chirc nang ciia khay tay trong chuyén dong.

e Taycamlabo phén dung dé ga dat ban tay bénh nhan voi RAR. ' ’

Bang 1. Cac thdong s6 dong hgc va dong h;rc hoc cho nguoi va RAR (du kién). Trong bang, di liéu lay tu nghién cau

co sinh [15, 16] va thdng s6 dac tinh thiét ké cho RAR du kién. Dir liéu dong hoc va dong luc hoc dugc lay chuan
cho mot nguoi nam, 75 kg va mang tai trong Skg (Pon vi: Goc (°), Momen (Nm)).

Ngm‘ri mang RAR
Khép Chuyén dgng | Géc gisi han Momen t6i da Goc gigi han |  Momen t6i da
@) (Nm) ) (Nm)
Co -21.5 45 -5 37
Vai Dudi 187 -5.4 180 -42
Dang ra 112 2.3 -15 Thu dong
Khép vao 0 -1.8 0 Thu dong
Khiy tay Co~ 102 2.20 90 30
Duoi 0 -1.45 0 -25
Cé tay Co_ 9.2 1.22 Co dinh Thu dong
Dudi 75 -0.91 Cé dinh Thu dong

© 2021 Trudng Pai hoc Cong nghiép thanh phé HS Chi Minh




60 THIET KE VA CHE TAO ROBOT HO TRQ VAT LY TRI LIEU

c. Kieém tra ben
Trong khi thiét ké RAR, chiing t6i tién hanh kiém tra bénh trén mot s chi tiét chiu luc va tai trong 16n nhét
trong qua trinh van hanh. Trong gidi han bai bao, chung toi din ra qui trinh kiém trinh kiém tra bén cho chi
tiét s6 1 nhu 13 vi du dic trung. Chi tiét 1 ctia khau trén (méd s6 01CT071701005a trong thiét ké, gia cong)
c6 vi tri dugc trinh bay trén hinh 3a. Can ct trén mo6 hinh vi tri cia RAR chiu luc 16n nhat, xét trong mat
phfmg XY, ta ¢ so dd luc tac dong 1én khau trén cua RA

Typ

0.00441

Hinh 3. a. Ky hiéu cac chi tiét trén RAR can tinh toan bén; b. Két qua phan tich chuyén vi trén chi tiét s6 01 khau
trén.

Tir két qua phan tich s6 liéu bang phan mém tinh toan Inventor ta nhan duoc mot sb két qua phan tich dung
k§ thuat phan tir hiru han. Két qua phan tich chuyén vi dugc trinh bay trén hinh 3b. Tir két qua phan tich ta
théy: do chuyén vi 16n nhét tai vi tri dat tai trong va c¢6 do chuyén vi 14 0.02207 mm; So v&i chiéu dai téng
thé cuia khau va do chinh xac trong qua trinh diéu khién, d6 chuyén vi nay 1a khong dang ké, khong anh
hudng dén qua trinh hoat dong ciia RAR.
2.3. Thiét ké diéu khién
RAR la hé robot y sinh twong tac v&i ngudi sir dung, do d6 khi thiét ké hé thong diéu khién (hinh 4), ngoai
c4c y8u cau vé diéu khién chinh xac thi can dap (g mot sé cac tiéu chi dac biét khac nhu:
e Cac ché do an toan can dugc thiét ké va lap trinh: An toan vé& nguén dong luc va cac co cdu ngét an toan
khi gap su cb
e Dap tng thoi gian thuc: Dé danh gia chinh xac cac dic tinh co sinh cta robot khi lam viéc twong tng
véi kha nang 1lam viéc cua ngudi van hanh mét cach chinh xac.
e Kha ning thu thap dit lidu va danh gia két qua cac bai tap
e Tinh tién dung cta bang diéu khién

IZD QUT PAO TU
CAC BAI TAP ENCODER 1

v T
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@, ™ DRIVERL K==} " or; ¢
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PC/ MATLAB PCICARD |a__in SERVO
DRIVER2 K==
M MOTOR2
4 A JL
> ENCODER 2
(" vanuaL AUTO h

- |
\ RAR CONTROL PANEL j
Hinh 4. So d6 phan cting hé thong diéu khién robot RAR
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Nhu da d& cap o trén, hé robot RAR duoc thiét ké va sir dung cho ngudi mang, nén yéu té an toan khi thiét
ké dugc dat én trén hét. Do d6, trong khi thiét ké RAR, nhom tac gia di dwa ra qui tac an toan theo 3 16p:
An toan trong ciu trac co khi (1); An toan khi ¢6 tin higu dung khan cap (2); An toan trong cac ngat
(Interrupt) diéu khién (3). Thir nhat, trong thiét ké co khi, mot co cau chan hanh trinh chuyén dong cua hai
khau duoc dit tai hai dau khép vai va khay nham dam bao cac goc quay khong vuot qua gisi han chuyén
dong cho phép. Lop an toan nay dam bao cho du céac co cau chap hanh c6 gap su ¢é hay ngudn dong luc
chwa duoc ngat di khi sy ¢ xay ra thi van dam bao an toan cho nguoi str dung. Thi hai, ciing nhu mot may
moc tu dong thong thuong, mot ché do dung khan cip dugc thict ké trong phan mach dong luc dé ngan
ngua su ¢6 khi diéu khién. Khi nit nhan Emergency duoc tac dong, toan bo nguon dong luc cap cho RAR
dugc ngat di dé dam bao an toan cho nguoi st dung. Thir ba, trong cau trac diéu khién & cac ché do bang
tay (manual) hay ty dong (auto), cac vong lap diéu khién déu duogc kiém tra bai cac ngét an toan nhan tin
hiéu tir gi6i han hanh trinh cua hai khau, tir do ludn ludn co the kiém tra dugc ché do an toan khi van hanh.

Bat ct khi nao co su CO xay ra, vong lap diéu khién s& dirng lai va cho khai dong lai hé thong. Ngoai ra,

con mot ché do ngat mém khac dé gi¢i han momen lam viéc giGi han trén bo 1ai dong co DC servo, diéu
nay dat duoc khi chang toi cai dat ché do lam viéc vai dong dién téi da cho bo lai nay.

Theo cac yéu cau dua ra khi thiét ké hé thong diéu khién cho robot RAR, ching t6i trién khai so d6 diéu
khién ban d4u theo nhu trong hinh 4. Trong so d6 diéu khién gom co cac thanh phan:

. May tinh dong vai tro diéu khién trung tam

. Card giao tiép diéu khién PCI 6221 NI (National Instrument) giao tiép qua khe cim PCI Express
ciia may tinh giap giao tiép, diéu khién thoi gian thuc (real-time)

. Bo lai driver MSD_E410 lai c6ng suat va diéu khién dong co DC servo

. Pong co servo lién két véi cac két ciu bo truyén co khi (nhu trinh bay trong chuong 4)

. Bang diéu khién cho nguoi sir dung lwa chon cac ché do, cac tiry chon va cac bai tap van dong duoc

I4p trinh san.

3. KET QUA THAO LUAN

3.1. Panh gia RAR & ché do bang tay

Cac tac gia tién hanh cac bai tap van dong thir nghiém véi ché do bang tay trén RAR ¢ 3 ngudi khoe manh
(A, B, C) va 1 ngudi bénh (D, duoc gia dinh va c6 giam sat khi sir dung RAR). Mdi d6i tuong (ngudi sir
dung trén) thyc hién thao tac véi RAR theo hudng dan sir dung véi mot sé 1an tap nhit dinh va ghi nhan lai
két qua cua 2 1an tap ngau nhién. Két qua ngudi sir dung robot s& nhan xét vé mutrc d6 thoai mai, kha ning
hd tro ciia RAR trong tirng lan tap véi cac van tée lam viéc khac nhau

75

= Khop khuy

37.5

Goc khop (do)

1
0 3 6
Thoi gian (s)

15 '

—— Van toc goc khop khuy|

Van toc goc (vong/phut)

-15 :
0

S 6
Thoi gian (s)

Hinh 5. Dit liéu goc khép va van toc goc luu trir trong mot bai tap & ché do bang tay (dir liéu do van toc chwa qua bo
loc)
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Hinh 6. Snapshot véi video ghi lai qua trinh lam viéc caa RAR véi ché do bang tay

Ngoai ra, trong khi thuc hién cac bai tap bang tay theo yéu cau ngau nhién ciia nguoi sir dung, cac dir liéu
vé goc khép co thé dugc quan sat dé so sanh va danh gia tim van dong ciing nhu tan sé lam viéc téi han
ciia RAR. Hinh 5 dwa ra mot dir liéu goc khép va van téc goc luu trir, khi nguoi sir dung B thyc hién mot
bai tap & ché do bang tay trong tam van dong. Hinh anh ghi lai mot sé tién trinh thao tac trong truong hop
nay duoc dua ra trong hinh 6, nhu 1a mot vi dy. Cac tac gia ciing ghi nhan lai két qua bang cac doan video,

trong d6 két qua thuc hién bai tap ¢ ché do bang tay véi ngudi st dung C c6 thé xem tai [17].

3.2. Panh gia RAR & ché do tw dong
Dé kiém tra chuc nang tu dong va xac nhan kha nang 1am viéc on dinh, an toan cua RAR véi thuat toan
trang thai may hitu han, chung ti tién hanh cac bai tip co dudi co ban nhat tai tirng khop véi tan s6 co dudi
khac nhau tir toc d6 thap dén tdc do cao, tai mdi khop vai va khép khiy. Qua nhiéu lan thuc nghiém va cho

két qua tuong tu, RAR cho két qua lam viéc 6n dinh véi day lam viéc trén.

Bang 2. Bang mo ta két qua thir nghiém cac bai tap van dong véi ché do ty dong trén RAR ¢ 3 ngudi khoe manh (A,
B, C) va 1 nguoi bénh (D, duoc gid dinh va c6 giam sat khi st dung RAR) thuc hién véi cac bai tap chon theo chi
dinh cua ki thuat vién hudng dan (bai tap 1(Ex1) dén bai tap 4(Ex4)). Ki hiéu viét tat trong két qua tap: TM: thoai

mai; HG: Hoi guong; Rt guong (giy dau nhe): RG

.o Kich thugc (11/l, o Két qua tap Két qua tap
STT Mo ta mm) Bai tap 1an 1 1An 2
Ex1 ™ ™
Ngudoi sir dung A (nt, 55

1 kg, 1m57) 2721220 Ex2 ™ ™
Ex3 ™ HG
Ex1 ™ ™

Nguoi st dung B (nam,
2 72 kg, 1m70) 308/255 Ex3 HG ™
Ex4 HG ™
Ex2 ™ ™

Nguoi st dung C (nam,
3 67 kg, 1m66) 292/240 Ex4 HG ™
Ex3 ™ HG
st dung D ( Ex1 HG ™

Nguoi st dung D (nam,
4 61 kg, 1m62) 285/231 Ex4 ™ HG
Ex2 ™ ™

Tuong tu cac bai tap van dong thir nghiém véi che do bang tay trén RAR, 4 ngudi st dung trén (A, B, C,
D) cung tien hénh cac bai tap vé@ ché d6 tu dong, trong d6 cac bai tap dugce danh so tir bai tap so 01 dén bai
tap s6 04 (Ex1 dén Ex4). Mdi doi tuong (ngudi sir dung trén) thuc hién thao tac voi RAR theo huéng dan
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str dung, tu chon mot bai tap ngau nhién (trir dbi twgng D duoc chi dinh cua hudng dan vién vai cac bai tap
tang dan mirc 6 phuc tap) voi mot s6 1an tap nhat dinh. Hinh 7 ghi lai qua trinh 1am viéc ciia RAR voi ché
d6 tu dong trén bai tap s6 02. Tuong tu ché do bang tay, két qua ngudi sir dung robot s& nhan xét vé muc
d6 thoai mai, kha ning hd tro cia RAR trong timng lan tap voi cac bai tap khac nhau [18]. O day, c4c bai
tap duoc chon & hai toc do 1a cham va trung binh. Bang 2 mé ta chi tiét cac két qua cu thé ghi nhan lai két
qua lam viéc cua RAR trong qua trinh hd tro nguoi sir dung trong cac bai tap ma qui dao cac bai tap véi su
hd trg caa RAR la dugc lap trinh trudc.

Hinh 7. Snapshot véi video ghi lai qua trinh lam viéc caa RAR véi ché do ty dong trén bai tap s6 02

4. KET LUAN VA HUONG PHAT TRIEN

Bai béo trinh bay viéc tiép can véi cac Ki thuat chinh lién quan dén ché tao, phat trién cac loai robot twong
tac voi ngudi sir dung mang tinh chat y sinh. San pham mau dau tién (phién ban ban dau) cua loai robot
nay vai tén goi la Rehabilitation Assistance Robot (goi tit 1a RAR) mang dén mot s6 diém méi déng gop
vao su phat trién chung trong céng nghé robot théng minh trong nudc ciing nhu linh vyc tng dung robot y
sinh. Théng qua cac bai tap thuc nghiém & nhiéu ché do da dang va tdc do lam viéc khac nhau, co ban RAR
c6 thé lam viéc an toan, on dinh va hd tro ngudi st dung trong mot sé cac bai tap bang tay hoac cac bai tap
dinh trude. Tur cac két qua nhan duoc, ching ta thay co ban ngudi st dung cam nhan duoc su tro luc va
hudng van dong dé nguoi st dung c6 thé thuc hién cac dong tac co ban nhat ma khong can dung luc cua
canh tay. Thong qua qua trinh tap trung nghién ciru va thir nghiém véi RAR, tir nhitng mat han ché cua
robot, nhém nghién ciru dinh huong khac phuc, phat trién va dua vao sir dung thir nghiém tai mot s6 trung
tAm chan thuong chinh hinh — phuc héi chic ndng v6i mot s6 diém nhu giam tai trong robot va thay di vat
lidu, chuan héa cac chi tiét gia cong, giam sai sb gia cong va lip dat, trang bi thém cac cam bién do dién co
sinh (cam bién EMG, Electro-Myo-Graphical) dé c6 thé danh gia mirc d6 hd trg cua Robot va mic do hoi
phuc cua bénh nhan mét cach dinh tinh.
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