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TOM TAT: Nhu cdu phuc héi chire nang do cdc bénh vé than kinh, tai nan gzao thong,
'taz nan lao dgng, cdc hoat dpng thé duc thé thao va téi gia, hién nay rdt lén va qud tdi trong
tdt ca cdc bénh vién, trung tam chan thwong chinh hinh va cdc trung iam the duc thé thao. Bén
canh ds, nguon nhdn lyuc vé vdt Iy tri liéu, phuc héi chitc ndng va mot s6 thiét b tap phuc hoi
chite nang Ahap c6 chan hién c6 tai cdc bénh vién lén nhe Cho Rdy, T hong Nhat va doanh
nghiép san xudt dung cu vdt Iy tri liéu - phuc héi chite nang nhwe Phana con rat nhiéu han ché
nhuwe: thiét bi thiéu nhiéu tinh nang, hoat dong dom gian, khong thé thay d6i cdc tham sé vt Iy
tri liéu dé phit hop voi nhitng diéu kién khdc nhau cia nguoi bénh nham giuip ngueoi bénh dat
dwge sw tién bo nhanh nhdt trong phuc héi chitc ning. San pham mang tinh co khi thudn tiy,
thiéu kha nang fir dong va cdn chuyén gia vat Iy tri ligu hudng ddn lién tuc. Trén co so do,
nghién ctru ché tao va diéu khién thiét bi tdp phuc héi chic néing khép ¢é chén sir dung co cdu
chdp hanh PAM (Pneumatic Artificial Muscle — Co bép nhén tao ding khi nén) duoc grm
thiéu nhéim hudng dén: hién dgi héa trang thiét bi phuc vu nganh y té, ndng cao ndng sudt va
hiéu qua cong viéc, thay thé dan cdc thiét bi da 16i thoi, rhteu nhiéu tinh nang hién dang dwgc
sir dung trong hdu hét cac bénh vién, trung tam chén thwong chinh hinh, cdc trung tam hudin
luyén thé duc thé thao, hodic z‘hay thé cdc thiét bi nhdp ngoai, gid thanh ré. Thiét bi tdp c6 chan
diege diéu khién théng qua PC va sir dung bé diéu khién PID. Cdc tinh ndng hé tro 1ot nhat cd
thé cho cdc chuyén gia trong viéc ra y lénh ciing duwoe trinh bay thong qua phan mém diéu
khién dé xuat.

Tir khéa: Co cdu chdp hanh PAM, Vit Iy tri liéu - Phuc héi chite ndng, C6 chdn, PID

1.GIOI THIEU

Hién nay, nhu ciu vé vt 1y trj liéu, phuc héi chirc nang trong cdc bénh vi¢n, trung taim
chan thuong chinh hinh, trung tim thé duc thé thao rit 16n. Bén canh do, céc thiét bi hién c6
thiéu nhiéu tinh ndng, hoat déng don gian, san phim mang tinh co khi thuan tuy va doi hoi co
chuyén gia vt ly tri li¢u huong dan hd trg. Nghién cliu ing dung céc co cdu tac dong truyén
théng ner dong co dién va thay luc trong linh vuc y té phuc hdi chirc ning da va dang duogc
hoén thién. Tuy nhién nhiing han ché vé tinh an toan, do tro cimg cao, khong mém déo va linh
hoat, ti s6 khéi luong/cong sudt thap, khéi lugng co ciu tic dong 16n, kha ning 1ap di lap lai,
v.v.. luén 1a nhiing thich thirc déi véi cdc nha khoa hoc.

Mot trong nhiing giai phap méi la day hta hen thay the cac co ciu tic dong truyen théng
14 co cdu chip hanh PAM [1]. Vi tinh ning an toan ¢b hiu cia khi nén, co cdu chap hanh
PAM mang lai nhiing tinh ndng wu viét nhu: tinh an ton va kha ning chiéu theo chuyen ddng,
mem déo, linh hoat va kha ning lap di lap lai tot, khoi lugng nhe, luc kéo 16n, ti s6 cong
suat/khdi lugng cao, gia thanh re, dé bao tri, sach s&, tiéu tén nang luong it va ngudn ning
luong sach, c6 sin trong tu nhién. Tur nhiing uu diém vuot troi d6, mot sb nghién ctru g
dung nhu nghién ctru tmg dung co chu chap hanh PAM trong thiét bi hé tro nhung bénh nhén
khéng c6 kha nang cam nim [2], hé théng hd tro di lai [3-5], hé théng tay may mot bic phuc
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vu phuc héi chic ning [6-8], tay mdy nhiéu béc tip phuc hdi chirc nang [9-11] va hé thong hd
tro di lai [12-13].

Trén co s& do, nghién ciru ché tao va didu khién thiét bj tap phuc héi chie ning khdp cd
chin dugc g101 thiéu. Giai thuat diéu khién PID dugc sir dung, phan mém diéu khién duge xay
dung trén ngdn nglt Visual Basic véi céc tinh ning hd tro tot nhat c6 thé cho cac chuyén gia
trong viéc ra y 1énh va nhiing ket qua dat dugc s& minh chimg cho viéc img dung cdc co cau
tic dong nay trong linh vucy té phuc hdi chirc ning.

2.XAY DUNG HE THONG

Thiét bi tap phuc hdi chic ning khop ch chén sir dung co cdu chip hanh PAM dugc trinh
bay trén hinh la. Nguyén ly hoat dong cua co cau chap hanh PAM dugc thé hién trén hinh 1b.
Bing cach ting ap suat khi bom vao, co cAu chip hanh PAM s€ phinh to theo chiéu ngang va
rat ngin lai theo chidu dai, tir d6 tao ra luc kéo. Th1et bi tép ¢6 chan bao gom may vi tinh IBM
(Pentium 2.4 GHz) tinh todn gia tri tin higu cin diéu khién va diéu khién van ti 1¢ khi nén
(FESTO, MPYE-5-1/8HF-710 B) [14] théng qua card giao tiép bién déi D/A (Advantech, PCI
1711) [15], va didu khién hai co cau chép hanh PAM (FESTO, MAS-10-N- 220-AA-MCFK)
[1]. So @b khdi diéu khién hé théng dugc trinh bay trén hinh 2. Tin hiéu cam b1en goc dugce do
dac théng qua cam b1en H40 Seri (H40-8-3600ZO Metronix) va duoc phéan hoi vé mdy tinh
théng qua mach giao tiép doc tin hiéu da dung (Advantech PCI 1784) [16]. Nhiing két qua
thuc nghig¢m duoc do dac ¢ ap sudt 1am viéc 0.5 [MPa] va phian mém diéu khién duoc xdy
dung trén nén Visual Basic 6.0.

(b)
Hinh 1. Thiét bi tap phuc héi chirc nang khép cd chan sir dung PAM
(a) M6 hinh thiét bi; (b) Nguyén Iy hoat dong ctia PAM
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Hinh 2. So dd khdi hé thong
3.PIEU KHIEN HE THONG
Giai thuat dleu khién PID dugc biét dén nhu 1a mot trong nhu*ng b diéu khién én dinh va
thudng sir dung rit nhiéu trong cong nghiép vi nhing uu dxem ndi bét nhu: c6 dang don gian,
dd on dinh cao trong viing hoat dong réng, v.v.. . Ung dung b diéu khién PID cho thiét bi y té

phuc héi chirc nang khép c6 chan duoc dé xudt va so dd khéi didu khién duoc trinh bay trén
hinh 3. Tin hiéu diéu khién c6 thé duoc biéu dién nhu sau:
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Hinh 3. So d6 diéu khién thiét b
K, de(t
u(t) =K e(t) +—T— Ie(t)dt+ KT, ( ) (1)
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Bién dbi Laplace cta (1) cho
K
U(s) =K, E(s)+ T” E(s)+ K T,sE(s) (2)

i
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va két qua ham truyén ciia bo diéu khién PID:

Yis) K[1+—1—-+Ts] : 3)
EGs) Pl Ts

Két qua tin hiéu diu khién trong mién thoi gian tai thoi diém & dugc thé hién:

u(k) = K ,e(k) +u(k

: 4)
e(k)—e(k-1)

T
& day u(k) and e(k) 1a tin hi¢u diéu khién va sai s6 hé thong.

+KpTd

4. KET QUA THU'C NGHIEM

Chuong trinh diéu khién giao dién nguoi sir dung dugc viét trén nén Visual Basic 6 va
dugc trinh bay trén hinh 4, Trén hinh 4, cac théng s6 hd trg' cho qué trinh tap phuc héi chire
nang nhu thoi gian tap va diéu tri, goc gap dudi cho khop gbi va chu ki tuan hoan ctia qua trinh
gip dudi dugc cic chuyén gia vat ly tri lidu — phuc héi chirc nang lua chon tuy theo diéu kién
bénh ly cta bénh nhan (Hinh 4-b). Céc thong s6 bd diéu khién PID cting dugc lya chon, dé
Xuat va cai dat (Hinh 4-c). Bén canh do, céc thong s6 phan hoi tir hé théng nhu gia tri tin hiéu
diéu khién, sai s6 ctia hé thong, v.v.. cling duge ghi nhan va thé hién trén giao d1en didu kh1en
(Hinh 4-d). Duong déc tuyen diéu trj trong trudng hop ndy co dang hinh sin v6i cac tham 56
duge cai dat o trén. Va két qua dicu khién ciing nhu do chinh xdc cua hé théng duoc giam sat
truc tuyen tir giao dién diéu khién.

~Theng so
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=g | e [ w | :
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Hinh 4.Giao dién diéu khién; (a): G:ao dién diéu khién; (b): Hgp cai dat thong s6 trj liéu; (c): Hop cai
dit gia tri tham s6 bd didu khién; (d): Théng s phan hdi tir hé théng
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Két qua thuc nghiém dugc xem xét trén nhidu diéu kién khac nhau. Hinh 5 trinh bay két
qua thuc nghiém véi didu kién ban dau dugc chon nhu: hinh sin v6i thoi gian/chu ki 1a 25
gidy, bién do goc tap trj liéu 14 13 d9, cic tham sb diéu khién hé théng duoc chon thong qua
thir nghiém va sai s6 va dugc nhu sau: Kp = 0.97, Ki = 0.05, Kd = 0.01. Tu hinh 5, sai s6 do
dugc vao khoang 0.4 dg va thiét bi dugc didu khién bam theo gia tri mong mudn duogc cai dit
ban dau.
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Hinh 5. Théi gian/chu ki = 25s, bién dé goc = 13, Kp = 0.97, Ki = 0.05, Kd = 0.01

Trong vét ly tri liéu phuc hdi chire ning, tiy theo cdc diéu kién bénh 1y khac nhau cia
bénh nhdn ma géc tri liéu cﬁng nhu thoi gian tri liéu trong mot chu ki cin thay dbi dé cho phu
hop. Hinh 6 gidi thigu két qua diéu khién thiét bj trong diéu kién thay dbi thoi gian/chu ki 1a
30 gidy, bién d6 goc tdp 1a 10 dd, céc gid tri cua bd d1eu khxen van giil nguyén nhu truong hop
trude. Két qua dat duoc cho thiy d6 én dinh cia bd diéu khién PID. Két qua dat duge véi sai
sb vitri 12 0.5 d6.
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Hinh 6. Thoi gian/chu ki = 30s, bién d9 goc = 10

Dé nang cao thuc thi diéu khién hé thong, thoi gian/chu ki dugc chon 1a 10 gidy va bién do
goc tri liéu la 10 do. Cac gia tri ctia bd diéu khién dugc thay doi nhu sau: Kp =097 Ki=
0.03, Kd = 0.001.

Két qua dat duoc chung to hé thdng hoat dong tét trong cac didu kién thay dbi, sy lya chon
gia tri by diéu khién cé thé duoc tim thong qua thir nghiém va sai sb. Cac gid tri niy c6 thé
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dugc de xudt tu dong dua trén yéu céu cua chuyén gia. Két qua dat dugc trén hinh 7 cho thiy
sai s6 van nho, 0.55 do va hé théng c6 thé img dung trong k¥ thuat y té phuc hdi chirc ning.
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Hinh 7. Thoi gian/chu ki = 10s, bién d§ géc =10, Kp =0.97, Ki = 0.03, Kd = 0.001

5. KET LUAN

Vi tinh ning an toan cd hiru, tinh chiéu theo chuyén déng, va kha ning lip di lap lai tot
trong qua trinh chuyén ddng, co ciu chip hanh PAM 1a mét su lua chon thay thé hiru hiéu
trong cac truong hop tuong tac voi con ngudi. Nghién ctru ing dung co céu chip hanh PAM
vao linh vuc y té nhur chidm séc stic khoe, phuc hdi chiic ning va lip ghép tay chén gia da va
dang dugc quan tdm hang dau bdi cac nha khoa hoc trén thé giéi. Nghién ctru thiét ké va ché
tao cac thiét bi y t& phuc hdi chitc ning sir dung co céu chdp hanh PAM 1a mot huéng di méi
trong linh vuc Bio-mechanics.

Véi cac két qua dat dugc tir thuc nghiém diéu khién thiét bi tap phuc hdi chirc nang khép
c¢b chan sir dung PAM, viéc timg dung co cau chap hanh PAM vio cic thiét bi y té vat ly tri
liéu — phuc hoi chirc ning 1a rat kha thi. San pham mang tinh co khi y sinh hoc va phin mém
diéu khién da tinh niing gitip thich tng vé6i cac didu kién bénh 1y khac nhau ctia bénh nhén.

Thong qua viéc thay thé dén céc thiét bi hién c6 thiéu nhiéu tinh ning bing céc thiét bi tu
dong v6i nhiéu tinh ning, cic chuyén gia ¢ nhiéu su lya chon hon trong giai phap tri liéu va
gitip nguoi bénh viing tin mau chéng hoa nhip cong dong.

Véi mé hinh thir nghiém & trén, dép tuyén ctia md hinh da dap ing dugc cic yéu cau
thong 56 khac nhau ciia qué trinh vat Iy trj liéu. Tuy nhién, nhim ning cao hon kha nang thuc
thi diéu khién, cling nhu cac dang phac db tri liéu khac nhau nhu hinh thang, hinh tam gidc va
cac bo diéu khién hién dai nhu Neural Network hay Fuzzy Logic, do s& 14 nhiing d& xuét tiép
theo ctia nghién curu nay.
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IMPROVEMENT CONTROL PERFORMANCE OF ANKLE
REHABILITATION DEVICE USING PAM

Tu Diep Cong Thanh
University of Technology, VNU-HCM

ABSTRACT: The requirement of the rehabilitation due to the problem with labor
accident, sport and advantaged age, is so big and over the control of most hospitals,
rehabilitation therapy centers, and sport centers. In addition, the human resource for physical
therapy, rehabilitation and some ankle rehabilitation equipment in Cho Ray Hospital, Thong
Nhat Hospital and Phana Company is so limited such as: limited operations, simple operation,
fix the condition regardless the human physical conditions of the patient in order to get the
best effectiveness. The device is just mechanism without automation, and need the support
Jfrom the therapist. Thus, the study for manufacturing and control the ankle rehabilitation
device using PAM (Pneumatic Artificial Muscle) is introduced. It focuses on making modern
the therapy device, improve the effectiveness of labor, representation old device, limited
operation, which are used in most hospitals, rehabilitation therapy centers, and sport centers.
The device are controlled through the PC and using PID controller. All the therapy
parameters are chosen by therapist and is shown through the user interface software.

Keywords: Pneumatic artificial muscle (PAM), Physical Therapy — Rehabilitation,
Ankle, PID.
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