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DESIGN AND DEVELOPMENT THE EXOSKELETON ROBOT FOR LOWER LIMB
REHABILITATION USING PNEMATIC ACTUATOR
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TOM TAT

Ngay nay, ¢é rdt nhiéu nguoi mat chire nang di lai do chiu anh hwéng ciia chan thirong cét
séng, dot quy, hodc chdn thwong so ndo do tai nan. Viéc phuc hoi chire nang van dong doi hoi nhiéu
cong sire, do dé6 viéc g dung robot trong viéc phuc hoi chire ndng la vé cimg can thiét. Bai bdo
trinh bay thiét ké co cdu khung xwong robot phuc hoi chirc nang di lai sir dung co cdu xylanh khi
nén. Két qud cho thdy, véi yéu cau cao trong y sinh véi méi trieong sach, co cau robot phuc hoi chire

nang sir dung xylanh khi nén cé tiém ndng va théa man cdc yéu cdu ciia thiét bi phuc hoi chirc ning.
Tir khéa: Robot phuc hoi chire ning; Xylanh khi nén; Mé hinh héa; Hé thong cham séc sire khde.
ABSTRACT

Many people nowadays lose locomotor functionality due to an accident or spinal cord
injury, stroke, or traumatic injury. Lower limb rehabilitation commonly requires much labor cost,
therefore, the implementation of robots in gait rehabilitation is necessary to help people with their
daily duties. This study introduced an exoskeleton design based on a pneumatic cylinder for a lower
limb rehabilitation robot. The results showed that, with the requirement of a clean environment
in healthcare, the pneumatic gait training robot had the potential and satisfied utilized the gait

rehabilitation device.
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1. GIOI THIEU

Liét nira nguoi va cac ton thuong van
dong thuong 1a két qua cua chin thuong cot
song hodc dot quy. Theo thong ké cia Trung
tam Théng ké Quoc gia Vé Chén thuong Cot
song Hoa Ky, s6 nguoi song chung vé&i chan
thuong cot song & My xap xi 291.000 nguoi
(trong khoang 249.000 dén 363.000 nguoi),
sO truong hop chan thuong méi 1én dén hon
17.000 nguoi (twong duong véi 54 ca/triéu
nguoi) mdi nam. Con tai Viét Nam, mdi nam
c6 hon 200.000 nguoi mic cac bénh vé tai
bién, hon 50% trong s6 d6 tir vong va 90%
nhirng nguoi séng soét phai song chung véi cac
di chting vé than kinh va véan dong. C6 mot
diéu dang luu ¥y rang, s6 nguoi tré mic bénh
ndy cing ngay cang tang. Cac hé thong phuc
hdi chuc nang van dong la v6 cung can thiét
tac dong dén chit lugng cudc séng cia ngudi
bénh, gitp ngudi bénh hoa nhip cong dong

[1].

Nghién ctru gan ddy di chung minh
réng, cac hoat dong lap di l1ap lai cua robot
khung xuong hd tro theo nhiém vu van dong
cu thé c6 thé gitp cai thién cac han ché vé
kha nang vén dong cua nguoi bénh dan dén
cai thién dang ké chat luong cudc song [2].
Nhiéu loai thiét bj dang dugc phat trién dé hd
trg qua trinh phuc hoi chtc ning. Hau hét cac
hé thong c6 tiép xtc truc tiép véi bénh nhan
va do d6 phu thudc rat nhiéu vao thiét ké thoai
mai dugc quyét dinh boi hinh thic va chic
ning ciia robot. Didu quan trong 12 phai xem
xét su an toan khi twong tac voi robot phuc hdi
chirc ning va bénh nhan. C6 thé duy tri tuong
tac an toan bang cach diéu khién cac bo truyen
dong, hodc bang cach str dung cac bo truyén
dong an toan dé tranh cac luc khong mong
mudn do hoat dong cua robot tao ra. Ngoai ra,
cac ngudn dong luc sir dung trong phuc hoi
chire nang phai phu hop véi cac yéu cau khit
khe vé y té.

Thiét bi truyén dong khi nén 1a mot giai
phap kha thi dé ting do an toan cho hoat dong
ctia robot. Co ciu khi nén phd bién nhit 13 co
nhan tao McKibben duoc tao thanh tir hai thanh
phan chinh bit kin ¢ hai dau: 16p v6 bén ngoai
lam bang luéi nylon va cac 6ng cao su bén
trong [3]. B truyén dong co nhan tao co mot sO
vu diém nhu ty 1& cong suat/khdi lwong rét cao,
co ché linh hoat nén dé dang ung dung trong
céc thiét bi y sinh va phuc hoi chirc nang. Tuy
nhién, hé théng phuc hoi chirc ning sir dung
co nhan tao ¢6 mot sé nhuge diém 16n nhu: do
tin cay kém, co truyén dong cé tinh phi tuyén
manh nén khé diéu khién.

Bo truyen dong xylanh khi nén c6 uu
diém vuot troi vé do 6n dinh va do tin cay so
v6i co nhan tao. Uu diém cua co cdu xylanh
khi nén 1a c6 kha nang tac dong nhanh chong
[4], d& bao tri, an toan, sach s& va co ché van
hanh don gian [5, 6]. Trong nghién clru nay, cac
tac gia da trinh bay mot thiét ké khung xwong
ngodi mai cho robot phuc hdi chirc ning chi
dudi sir dung xylanh khi nén. Hé thong robot dé
xuat str dung xylanh khi nén di duoc mé hinh
héa bang cach sir dung mé hinh niang lugng. Hé
thdng diéu khién vong ho va vong kin don gian
dugc moé phong va so sanh.

2. THIET KE HE THONG

Co céu robot duogc thiét ké dua trén
mdi twong quan giita chuyén dong dang di va
dong hoc goc cua chan ngudi [7, 8] dong thoi
tinh dén yéu t6 nhan tric hoc phi hop véi voc
dang nguoi Viét Nam. Theo nghién ctru nhan
tric hoc nguoi Viét Nam (ndm 2022) [9], dbi
v6i nguoi truong thanh co chiéu cao trung
binh [a 159,54+5,3cm va trong lugng trung binh
55+7,75kg thi chiéu dai chan va can ning trung
binh ctiia nguoi Viét Nam vao khoang 84cm.
Winter et.al chi ra rang cac doan chan nguoi
¢ thé duge tinh toan dya trén chiéu cao hodc
chiéu dai chan cua con ngudi [10].
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Trong nghién ctru nay, cac kich thudc
co ban cua robot phuc hdi chtrc ning chi duéi
dugc chon nhu trong Hinh 1-a, nhung c6 thé
diéu chinh duoc. Trong Hinh 1-b 1a robot dugc
ché tao hoan chinh v6i co cau chdp hanh la
xylanh khi nén ga lip trén than robot. Xuong
dui 1a xuong kéo dai tir héng dén khop gbi va
c6 goc hoat déng gép la o= (a5 @) = (20° 30°).
Doan tir khdp goi dén mat ca chan dai 38,05cm
va gbc hoat dong gép la p=(B,; B,) = (0% —50°).
Da6i voi thiét ke, co cau song song dugc ap
dung véi co cau xylanh khi nén duogc sir dung
dé dan dong toan b h¢ dat duoc cac goc hoat
dong gap theo yéu cau. Vi tri ga dat duoc tinh
toan t6i wu vé lyc sinh cling nhu hanh trinh phu
hop cua xylanh.
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b) Khung xwong robot

Hinh 1. M6 hinh di tinh todn chiéu dai va kich

thuée gan ding ciia khdp héng va khép goi cia
robot phuc hoi chirc nang chi duwdi.
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3. MO HINH HOA

Phuong phap phéan tich ning luong
dugc st dung dé xay dung mé hinh co cau chap
hanh. O day, dong ning va thé nang trong cac
budng 1am viéc ctia xylanh duoc tinh toan, su
dung phuong trinh Euler-Lagrange dé thu duoc
phuong trinh chuyén dong thich hop. M6 hinh
tinh d6i véi xylanh cho trong Hinh 2.
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Hinh 2. M6 hinh xylanh khi nén voi tai M dat trén

piston, A, va A , la cac tiet dién cua piston, m ; va

m, la khoi {wo’ng khi trong moi bNuo”ng: V.vaV,la
thé tich lam viéc cua moi buong.

Mo hinh khong gian trang thai cua h¢
piston-xylanh khi nén cho trong phuong trinh
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Trong d6, ¢ 1a thé ning sinh ra trong
buéng, o vaB.voii=1,21a cac he s6 tinh toan
phu thudc vao bién thién khdi lugng cua khdi
khong khi trong mdi budng xylanh [11].

4. KET QUA VA THAO LUAN

Két qua mo phong dugc thé hién trong
Hiph 3. Cé}c bién trang thai X, va x, dat dén
di€ém can bang trong khoang 1,2 giay, trong khi
thé nang ( ctia hé dat dén diém can bang trong
khoang 3 gidy. Theo d6, md hinh hé thong mo
thé khong on dinh. M6 phong hé théng vong
kin 6n dinh véi chién lugc diéu khién sir dung
phuong phap gan diém cuc. Thi nghiém duoc
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thiét 1ap bang Arduino Uno dya trén vi xtr ly
Microchip ATmega328P. Van diéu khién 13 van
lwu lwong tuyén tinh ty 1& (MPYE-5-1/8-hf-
010-b dugc Festor ché tao) duoc sir dung dé
tao ra toc 4o dong khi mong mudn véi dai dién
ap 0-10V. Trén Hinh 5, dit liéu thé thuc té cua
khép gdi da duoc hién thi. Ta co thé thay, chién
luge diéu khién da thanh cong tao ra quy dao
khép yéu cau cia khép gdi. Két qua cho théy,
tiém niang Gmg dung cua thiét ké co hoc va thiét
ké hé théng diéu khién trong robot phuc hdi
chtrc nang chi duoi.
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a) Két qua mé phong véi hé ho.
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b) Két qua mé phong véi hé kin c6 diéu khién
phan hoi.
Hinh 3. Két qua mé phong hé diéu khién co cau
khi nén sir dung trong robot phuc hoi chirc ning

cho chi dudi.

Hinh 4. Dit liéu thuc nghiém trén robot
voi khop goi.

5. KET LUAN

Bai bao nay mo ta thiét ké co ciu co,
mo hinh todn hoc va thiét ké hé thong diéu
khién cho co cdu khung xwong ngoai phuc vu
cho robot phuc hdi chirc ning chi duéi. Két qua
thi nghiém cho thiy tiém ning Gng dung cua
thiét ké co khi méi va thiét ké hé théng didu
khién khi nén tng dung trong robot phuc hoi
chirc ndng chi dudi. Trong tuong lai, sau khi
hoan thanh viéc thiét ké hé thong diéu khién
toan dién cho tit ca khau khép, nhom tac gia
s& tién hanh so sanh két qua cia mo hinh mb
phong va két qua thuc nghiém cia toan b hé
thong thuc té.

Loi cam on:

Nhoém tac gia xin chan thanh cdm on
Phong Thi nghiém Nha may S6 thong minh,
Pai hoc Bach Khoa Ha N¢i da cung cép cac
giai phap phan ciimg va phan mém dé thuc hién
két qua trong bai bao nay.

Ngay nhan bai: 15/5/2023
Ngay phan bién: 05/6/2023
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