
Nguyin Hoai Giang va Dtg Tgp chi KHOA HOC & CONG NGHE 166(06) 169-174 

NGHIEN ClTU U N G D ^ N G KY THUAT TlT DONG H 6 A VAO DIEU KHIEN 
LU'C TRO D O N G TRONG THIET BI PHUC HOI CHU'C NANG DtTNG CHO 
BENH NHAN SAU TAI BIEN 

Nguyen Hoai Giang*, Hoang Anh DCing*, 
Nguyen Van Som**, Nguyen Vigt Diing*, Pham Thanh Binh^ 

' t 'ien Dgi hoc M& Ha Ndi, ^Vi?n Dien tu - Vien thong, Dai hgc Bdch khoa Ha Noi, 
^Vien khoa hoc td thudt nong ldm nghiip mien niii phia Bdc 

TOM T A T 
Hien nay d ViSt Nam, trong cac thiet bi phuc hoi chiic n ^ g , viec dieu chinh lire trcr dgng khi tap 
luy^n phuc hoi chiic nang dling van chii y lu duoc thuc hiSn b ^ g tay Bai bao nay mo ta phuong 
phap va thuat toan dilu khiln Iuc tro ddng diing vi dilu khien AVR Atmegal28 ciia Atmel, ghep 
not vdl may tinh cho thiet bi phuc hoi chiic nSng diing cho benh nhSn sau tai bien mach mau nao 
Viec sii dung vi dieu khien kit hop phan mem tren may tinh se dilu chinh chinh xac Iuc trg dOng 
ciia thilt bi, giam bdt cac thao tac ciia con nguoi va de dang trong viec Iiru trfl danh gia kit qua 
luyen tap, nh5m gnip bac sy c6 cac danh gia chinh xac hem ve tinh hinh cua ngudi benh 
Tir khoa: Phuc hoi chuc nang diing, luc ho trg, dieu khien tu dgng, vi dieu khiin 

GI6I THIEU 

Hien nay benh ddt quy la mot Irong so cac 
can benh Ihudng gap doi vdi ngudi cao tuoi, 
cd nhieu benh nhan bi liet mia ngudi va bi 
benh ve van dgng sau khi bi dot quy. Theo 
thdng ke tai Viet Nam cd khoang 7,8% dan 
so, tuang duang vdi 6,1 tn?u ngudi la nhirng 
ngudi bi khuyet tat ve mpt chiic nang nao dd 
nhu van dpng, thi giac, thinh giac, ngdn ngu. 
Trong dd, so ngudi bi khuyet tat ve chiic nang 
van ddng chiem ty 1? cao nhat len den 35,5%i 
[1]. Ddi ngu chuyen gia phuc hoi chiic nang 
cua ta cdn chua dii, trang thiel bi t ^ luyen 
cdn rai thieu thon, chii yeu la cac thiet bi tap 
luyen co dien, thdng thudng 
Cung da cd rapt so cdng ty san xuat cac trang 
bi ho trg di lgi, nhung van chi la cac thiel bi 
gian dan nhu khung da, gay chong...Mdt so 
nghien ciiu chuyen sau ve trang thiet bi ho trg 
4 lai nhu xe lan tu hanh danh cho ngudi 
khuyet tgt da dugc mgt nhdm tac gia tai Dai 
hpc Bach khoa Ha Ngi thiic hien [2] Viec 
nghien ciiu, thiet ke, che tao cac thiet ho trg 
tap luy?n phuc hoi chiic nang van ddng mgi 
bat dau dugc chii y tdi. Vi du nhu de tai 
nghien cihi, thiet ke thiet bi tgp luyen khdp cd 
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lay do mdt nhdm tac gia d Dgi hpc Bach khoa 
Da Nlng thuc hien [3] Tuy nhien day khdng 
phai la cac thiet bi ho Ira lap luyen phuc hoi 
chiic nang diing ciia benh nhan, Nhu vay cd the 
ndi day la de tai nghien ciiu dau tien hudng tdi 
viec thiel ke thiet bi hd trg li^ luyen phyc hoi 
chiic nang dimg cua benh nhan. 
Viec ling dung cac tien bp mdi ciia cdng ngh? 
thong tin, dieu khien tu ddng, eg khi vao 
nghien ciiu, che tgo thiel bi tra giiip phuc hoi 
chiic nang diing cho bpnh nhan het mia ngudi 
do lai bien mach mau nao la rat can thiet 
Thiet bi sau khi che lao thanh cdng cd the 
dugc ling dung tgi cac khoa, phdng phuc hoi 
chiic nang cua cac benh vien, trung tam cham 
sdc siic khde. Ngoai ra, thiet bi nay cdn cd the 
dugc su dyng de phuc hoi chiic nang diing 
cho bpnh nhan tgi nha dudi su chi dan chi tiet, 
ti mi ciia bac sy. Bai viet nay thao lugn ve 
viec thuc hi?n thuat toan dieu khien luc trg 
ddng cho Ihiet bj phuc hoi chiic nang diing 
cho benh nhan sau tai bien, dua lren vi dieu 
khien Atmel AVR Atmega 128 [4]. Nhdm 
nghien ciiu ciing da xay d\mg mdi phan mem 
ket noi dieu khien cho h? thdng va cd kha 
nang luu trii ket qua de thuan tien cho bac sy 
trong qua trinh theo ddi va danh gia 
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THIET KE P H A N CITNG CHO MACH 

DIEU KHIEN LUC TRO D O N G 
Tdng quan he thong 

Md hinh cua thiet bi ho trp phuc hoi chiic 
nang diing cho cac benh nhan sau tai bien 
mgch mau nao duoc rainh hpa nhu d hinh 1. 
Thanh phan chinh cua thiel bao gora mdi 
dgng ca SERVO DC hen ket rapt true vit me 
dai oc, con chay ciia vit me duac gan vdi mgt 
puly cang day cap de lao luc nang do benh 
nhan. Khi dgng co quay s6 lam pu ly cang day 
chuyen dpng len xuong lir dd cd lac dung 
nang hg benh nhan. 

Hinh L Mo hinh he thong 

Van de chinh can giai quyet la tinh toan va 
tgo luc nang hay l\ic trg dpng mpt each chinh 
xac cho benh nhan theo timg bai lap lren may 
tinh va qua trinh dd dugc thuc hien mdt each 
tu dpng sau khi da co dinh benh nhan. Tham 
so dgt duac truyen xuong tu may linh de so 
sanh vdl luc trg dgng se dugc dgc tir cam 
bien, sau do tinh lay gia tri chenh Ipch roi dua 
vao khoi dieu khien de dieu chinh luc trg 
dpng (l\rc nang). 

Giai thuat dieu khien FID [5] se tinh toan gia 
Iri dau ra (la tham so dieu khien vi tri) dua 
vao su lien h§ giua dau vao (la sai lech giiia 
luc nang thuc te va lye nang can cd dugc). So 
do khoi ciia h? thong dieu khien bao gom bp 
vi dieu khien, cam bien Iyc va mgch dieu 
khien ddng eg duac the hien trong hinh 2. Bp 
dieu khien se dieu khien l^c nang bang each 

170 

quay dpng eg de di chuyen puly tgo lye cang 
day cap. 

Lye trg dpng dugc do bang mot bp cam bien 
Iyc Loadcell CAS BCLIOO [6]. Tin hi§u di?n 
tuong tu tir Loadcell se dugc dua tdi khoi 
chuyen doi luang tu - so. Khoi ehuygn doi 
lucmg tu so cd nhiem vu chuyen doi tin hipu 
tuong ty sang tin hieu so, dua tin hi?u so vao 
khoi vi xu ly trung tam de xu ly, hien thi 
thdng tin khoi lugng. Tir dd, bp vi 4eu khien 
se tinh ra duac lye trg dpng thuc te cua cjqj 
treo va sau dd dua vao bp dieu khien PID. 

E^ 
Hinh 2. Sadd Midi cua bg diiu Idiien lyre ndng d&ng vi 

diiu min AVR [4] 

ThiSt k4 phSn cung 

Khoi vi diiu khiin 

So do he thong mach hien Ihi Irong Hinh 2 da 
dugc thiet ke xung quanh vi dieu khien Atmel 
AVRAtmegal28[4] Day la bd vi dieu khien 
duoc tich hap san cac thiet bi ngoai vi tren 
chip nhu cdng lap Irinh I / O , Tiraer va Reset 
ngoai, bg tao dao ddng RC, EEPROM, 
Power On Reset (POR) dang duac sii dung 
de giam chi phi va nang cao hieu suat va dp 
tm cgy. Vi Ihe dieu nay lara cho vi dieu 
khien AVR trd thanh mdt lua chpn tot nhat 
cho cac he thong nhiing. MCU sii dyng bo 
tgo dao ddng chuan 8 MHz bSng thgch anh 
ngoai cho dong h6 he thong. 
Khoi giao dip mdy tinh 
Su dyng chuan UART vdi IC MAX232 vabg 
giao tiep UART tich hgp san trong vi dieu 
khien Atmegal28. 
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Khoi chuyin dSi tin hiiu 

Sau khi tim hieu yeu cau ciia san pham, ciing 
nhu phan tich tin hieu dipn ap tuang ty dau ra 
ciia Loadcell, nhdm nghien ciiu chpn sii dung 
bp chuyin doi tuang tu so ADC 24-bit 
HX711 [7] dap iing day dii nhung yeu cau 
phan tich d tren. 

So do nguyan ly ciia khoi chuyen doi tin hieu 
dugc minh hpa d hinh 3. 

Hinh 3. Sa do thiit ke khdi chuyin doi tirang lu-

s6 sir dung ADC 24-bilHX71I 

KhdilCMOSFET 

De dieu khien dpng ca servo, nhdra nghien 
Cliu sii dyng mach cau H nhu trong hinh 4. 
Dpng eg dugc dieu khien biing phuong phap 
PWM 

Hinh 4. Sa do mgch dieu khien dpng ca bdng cau H 

Thirc hien bo di^u khien pid 
Ve ban chat luc nang dugc tao ra b§ng vipc 
dieu khien vi tri ciia puly tgo Iyc cang nhu 
trong hinh 1. Tir dd bai toan dieu khien luc 
nang cd thi dua tren bai loan dieu khien vi tri. 
De dilu khiln vi tri bSng PID (hinh 5) cd hai 
budc, budc dau tien la tinh loan vi tri can dat 
dugc sau dd chuyin sang tinh toan gia tri van 
loc va hudng quay ciia dpng eg trong qua 
trinh di chuyin den vi tri can dgt dugc. 

Hinh 5. Cau trite ciia mgt bg dieu khdn PID 

Khoi bit ty l& Chiic nang chinh cua khoi bii ty 
le la tao ra ragt miic tin hipu ty le thuan (Kp) 
vdl su chenh lech (loi) tgo ra tir vipc so sanh 
giiia dau ra va dau vao cua he thong. 
Khdi bit dgo hdm: Trong mpt be thong phan 
hoi, khoi bii dao hara se tgo ra mpt gia tri la 
tich so theo dgo ham cua tin hieu chenh lech 
vdl mpt he so la Kd. Ndi each khac, do doc 
ciia cac dang sdng tin hipu chenh l$ch se tac 
dpng din dau ra. Myc dich chinh cua nd la cai 
thien su dap ling vdi qua Irinh qua do ciia he 
thdng dieu khien vdng kin 
Khdi bU tich phdn- La tich so theo lich phan 
cua tin hieu chenh Iech vdi mdt he so laKi, 
Dieu nay cd nghTa la dien tich dudi dudng 
cong ham so theo tin hieu chenh Ipch se anh 
hudng den cac tin hieu dau ra Khoi nay ciia 
bp dieu khien se lam tang tinh on dinh cua 
toan hp thong. 

Bang 1 mo ta phuong trinh bieu dien cac khoi 
nay ciing nhu bien ddi Laplace tuang iing ciia 
chiing. Va nhu v|y, mgt bp dieu khien PID cd 
the dugc md ta loan hoc nhu trong bang 2. 
Bang 1. Cdc khoi ca bdn trong bo diiu khien PID 

Khoi bii 
Ham bien tiiien thet 

thM gian 
Bien dut 
Laplace 

Tyle Kpe(t) _ K E _ 

Ki,/,'e(x)d(x) 

Bang 2. Cdc khoi ca bdn trong bg dieu khien PID 

j ^ ^ . Ham bien thiSn theo thM g.^„ ^». x^^^^^^^ 

Kpe(l)+Kd^e(t) Kp+Kd s+Ki/s 
+Ki /Je(x3dCx) =(Kp s+Kd s^+Ki)/s 
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De thuc hien dilu khien chinh xac lye nang 
nhdra nghien cihi sii dyng hai bd dieu khien 
PID rdiu Irong hinh 6 Vdi dau vao la luc 
nang can dgt va dau ra la tin hieu PWM de 
dieu khien toe dp dpng co. 
Ky ihugt thiet ke bp dieu khien PID dugc dung 
nhieu nhat la phugng phap Ziegler-Nichols [8], 
nd ddi hdi phai cd do thi dap iing ciia md hinh 
tin hieu can dieu khien nhu hinh 7 

Cac hp so cho hai bg dieu khien PD va PI ciia 
he thong dupc lya chpn nhu d bang 4, con lim 
do thugt toan dieu khien luc trg dpng ^ i ^ 
minh hpa d hinh 8. 

i am 

Hinh 6, Mo hinh dieu khien ciia h$ thong 

Hinh 7. Ddp irng dieu khien iheo phuang phdp 

Ziegler-Nichols [8] 

Cd bon budc can thuc hipn de tinh toan ba 
thara so Kp, Ki, Kd, theo phuang phap 
Ziegler-Nichols. Dd la: 
1) Xay dyrig do thj dap iing tin hieu 
2) Ve dudng tiep tuyen vdi doan bien thien. 
3) Do dgc va tinh toan tham so cua dudng 
thang dd (hinh 7). 
4) Xae dinh thara so nhu trong bang 3. 

Bang 3. Tinh todn Kp. Ki, Kd 

Bo dieu lihien 
P 
PI 

PID 

Kp 
I/a 

0 9/a 
I.2/a 

Bang 4, Lifa chon cac tham so 

Bo dieu Idiien 
PD 
PI 

Kp 
10 86 
0-118 

Ki Kd 

Kp/3L 
Kp/2L KpL/2 

^, Kl, Kdcho he ihong 

Ki Kd 
0 085 

1 847 

Dpclvvtr f rd^ni dnd f t 

/ D9Ctvrc"''<iS^if"' 3 
Tfnh d4 Ml ifch d n atta chfnh 

P IOivvn InsonDvfn tJc 

Hinh 8. Luu do thugl lodn dieu khien luc trg dgng 

Thirc hi^n phiin m4m 
Viec ty dpng hda quy trinh ho tra tap luyen cho 
benh nhan duoc the hien nhu trong hinh 9. 

Hinh 9. Quy trinh ho trg tap luyin 

Quy trinh ho trg tap luypn dugc thyrc hien bdi 
dilu dudng vien. Sau khi tiep nhan yeu cau te 
bpnh nhan (hoac ngudi nha bpnh nhan) ho?c 
tir ke hoach dugc lap trudc bdi bac sy, dieu 
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duong vien se kilm tra cac thong Un lien quan 
ldi benh nhan, can cii theo ma (ID) ciia bpnh 
nhan de kiem tra phac do dilu tri, qua dd xac 
djnh bai tap can thiet lai thdi diem do. 
Sau khi kiem tra lgi thong so va dieu kien vat 
ly ve an loan ciia may tgp, trong trudng hgp 
khong CO van de gi, dieu dudng vien se truyen 
cac thdng so ciia bai tap tuang iing cho benh 
nhan den may tap. ket noi va an lit khdi dong 
bai t^ . Dieu duong vien cd trach nhiem ho 
trg benh nhan trong khi tgp luypn va ghi cac 
ket qua t%) luyen theo tung benh nhan. 
Trong quy trinh nay, doi tugng thuc hipn cac 
chiic nang la dieu duang vien (cd thi la hg 
ly/y la), doi tugng can ho trg la benh nhan. 
Dieu duong vien thuc hien cac chiic nang 
dugc ISp trinh thanh cac chuong trinh phan 
mem sau: 

- Kel noi va dieu khien may tap: Can cii theo 
phac do dieu tri ciia timg benh nhan va ket 
qua tap luypn dugc luu trir trong co sd du 
hpu, dieu duang vien thiet Igp phien dieu tri 
cho timg bpnh nhan, tim tdi bai tap tugng iing 
vdi limg benh nhan tgi thai dilra tap luyen de 
ket noi phan mem dieu khien vdi may tgp. 
Dieu dudng vien thao tac dieu khien may tap 
ho tra bpnh nhan. 

- Quan Iy ket qua tap luypn ciia bpnh nhan 
Dii lieu ve ket qua luyen tap cua benh nhan 
duCTC ty dpng cgp nhgt ve ca sd du lipu trung 
tam thdng qua phan he phan raem dieu khien. 
Dieu du&ng vien chii yeu lap bao cao ve ket 
qua luyen tgp theo tung bpnh nhan va theo 
timg bai tap tai timg Ihdi diem. Thong kp so 
lî u cho bac sy va thuc hien nhap, siia dii lipu 
khi cd yeu cau ciia bac sy. 

KET QUA DAT DUOC 
Hlnh 10 rainh hpa ca cau eg khi tgo va do Iyc 
trg ddng, cdn dugc dua ra d hinh 11 la hinh 
inh raach dieu khien lye trg dong Ihyp te. 

Hinh 10. Ca cdu ca khi tgo vd do luc trg 

Hinh 1L Mgch dieu khien lyre trg dong 

Thii nghiem dieu khien luc trg dpng (nhu 
minh hga d hinh 12 va 13) cho thay he thong 
hoan toan dap iing yeu cau dat ra la &eu 
khien on dinh lye trg dgng. Nhu trong hinh 
12 dd la tin hieu PWM de dieu khiln, cdn 
trong hinh 13 do la lye trg dpng iing vdi miic 
thiet lap la 5 kg. 

Hinh 12. Tin hiiu PWM diiu khien ung vdi mdc 
trg dong 5 kg 

Hinh 13. Lue trg dgng ihyrc te 

KET LUAN 

Biu bao nay da gidi thipu mpt phuang phap 
dilu khiln \\fc ho trg phuc hoi chiic nang 
dling cho cac bpnh nhan sau tai bien ragch 
mau nao. Vipc sii dtmg vi dieu khien ghep noi 
vdi may tinh da cho phep dieu khien chinh 
xac Iuc ho tra, giam bdt thao tac cho dieu 
dudng, ky thuat vien. Dong thdi de dang hgn 
trong viec luu trii danh gia ket qua luyen tap, 
giiip bac sy cd cac danh gia kip thdi, chinh 
xac vl tinh hinh ciia ngudi bpnh. Dieu nay la 
rat phii hpp vdi dieu kipn thieu trang thiet bi 
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va qua tai trong phuc hoi chirc nang tgi Viet 
Nara hipn nay. 
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SUMMARY 
A P P L I C A T I O N O F A U T O M A T I C T E C H N O L O G Y 
ON C O N T R O L L I N G S U P P O R T F O R C E F O R STANDING R E H A B I L I T A T I O N 
F O R P A T I E N T S A F T E R S T R O K E 

Nguyen Hoai Giang*, Hoang Anh Dung', 
Nguyen Van Son'*, Nguyen Viet Dung^, Pham Thanh Binh^ 

Hanoi Open University, 
^School of Electronics and TelecommunicaUons - Hanoi University of Science and Technology 
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Currently in Vietnam, in rehabilitation equipments, changing support force for standing 
rehabilitation is mostly by hand or manual This paper describes a method and algorithm for servo 
controlling support force using Atmel AVR ATmegal28 microcontroller paired with persona! 
computer for standing rehabilitation for patients after stroke The use of microcontrollers 
combining with control software on the computer will adjust accurately the support force of the 
retiabihtation device, reducing human manipulation and ease of storage assessment training results 
to help doctore have a more accurate assessment of patient's status. 
Key word: Standing rehabilitation, support force, automatic control, microcontroller 
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